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EXECUTIVE SUMMARY

This revision to DOE/RL-92-12 provides revised data tables and
assessment of those data. The revision is necessary to present all of the
validated data available from the 1991 sampling of the Columbia River, Seeps
and Springs and Sediments adjacent to the Hanford 100 Area National Priorities
List Site. The original document DOE/RL-92-12, Sampling and Analysis of
100 Area Springs was provided to meet Tri-Party Agreement Milestone 30-01.
That milestone was met within its appointed schedule only by providing non-
validated data and by leaving out analyses from three sampling locations,
because the data had not been returned from the analytical laboratory at the
time of publication.

Revision 1 replaces, in its entirety, document DOE/RL-92-12. Revision 1
of DOE/RL-92-12 provides updated and complete data tables (replacements of
Appendices C, D, and E) and an assessment of the entire data set. The
numbering scheme for sample locations and f_or sample numbers has been revised

^ and are listed completely in Appendix F. Sample locations are now assigned a
alpha-numeric code. Sample numbers have-been revised so that each sample
type, e.g., unfiltered spring water, filtered spring water, unfiltered river
water, filtered river water, and sediment have a unique number. Appendix F

CNI also presents the original sample numbers, and the revised sample numbers. In
addition, an extensive discussion covering the validation of radiochemical
analyses specific to samples from the study is provided as Appendix G.

The new data received from the laboratory and the validation process
xw served to confirm the assessment provided in the earlier report. The sediment

analysis associated with the 100-D Area showed the highest levels of chromium
^n of the samples analyzed. This highest concentration of chromium in the

sediments corresponds with the highest levels determined in spring discharges.
nl
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1.0 INTRODUCTION

Springs and seeps discharge groundwater to the Columbia River along both
banks within the Hanford Reach. The springs located along the Benton County
bank are potentially impacted by nuclear operations on the Hanford Site.

1.1 PURPOSE AND SCOPE

This study was initiated to ascertain the concentrations of chemical and
radiological constituents discharged through springs into the Columbia River.
Definition of the chemical and radiological concentrations retained on
sediments adjacent to springs was attempted. Sediment samples were collected
adjacent to the springs to indicate retention of contaminants by the
sediments. Near-shore river water samples were also collected adjacent to the
springs.

River, spring, and sediment sampling was limited to those locations
along the Hanford bank of the Columbia River where springs discharged at
sufficient volume to allow sampling. The area of interest (Figure 1) extended

^ from immediately above the 100-B/C Area water intake (3.7 mi below the Vernita
Bridge) to the Hanford Townsite (25.2 mi below the bridge).

Sampling was conducted during the period of annual minimum stream flow
so that the greatest number of springs would be exposed and to provide the

t^ greatest probability to sample the highest concentrations of potential
contaminants in the spring water by minimizing the effects of precedent bank
storage. Maximum concentrations of contaminants would be those found in
nearby groundwater that was uninfluenced by mixing with surface water.

C14
1.2 OVERVIEW

Water and sediment samples were collected from 26 locations between
^ September 16, 1991, and October 21,1991, coinciding with the normal low-flow

Cr, period of the Columbia River. Samples were submitted for chemical and
radiological analyses following onsite screening for radioactivity. Samples
were controlled under standard chain-of-custody procedures (WHC 1988)
following their collection.

Samples were collected from the south and west bank of the Columbia
River, within the Hanford Reach. The most upstream sample was collected above
the intake structure at the 100-B/C reactor area. Maps of springs sampled
during 1984 and 1988 were used to help locate probable spring locations, no
springs were noted above this location. The most downstream sample was
collected in the vicinity of the Hanford Townsite downstream of the 100 Area
National Priority List (NPL) site boundary.

Samples were collected in accordance with a sampling procedure developed
specifically for this task (Appendix A). Onsite screening for radioactive
constituents was conducted at the radiological laboratory at the 100-N Area.
No samples were found to exceed radiological standards for shipping.
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1.3 PREVIOUS STUDIES

Studies addressing groundwater discharge Impacts on the quality of the
Columbia River have been conducted along the Hanford Reach over the past
several years. These studies were conducted through Pacific Northwest
Laboratory (PNL) as part of the Environmental Assessment Program for the
Hanford Site (McCormack and Carlile 1984) (Dirkes 1990). This study differs
from the earlier efforts in that the samples were collected, handled, and
analyzed in accordance with established and defined Comprehensive
Environmenta7 Response Compensation and Liabi7ity Act of 1980 (CERCLA)
protocols. Approximate sampling locations used in the previous efforts were
obtained from PNL on map plots at a scale of 1:2000. The detailed work of
walking the riverbank and locating individual springs conducted by McCormack
and Carlile (1984) was not repeated during this effort. Those areas indicated
on the plots provided by PNL were surveyed in the field to pinpoint springs
and seeps that could be sampled.

1.4 RELATIONSHIP TO THE GROUNDWATER MONITORING PROGRAM

Groundwater beneath the Hanford Site is monitored through several
ongoing programs. The site-wide Groundwater Monitoring Program is conducted
by PNL for the U.S. Department of Energy. Sampling frequencies and analytical
parameters used in this program are determined through an assessment of the
activities that can affect groundwater quality. The program is used to assess
onsite and offsite impacts due to Hanford groundwater discharges. In addition
to the site-wide program, specific subareas are monitored on supplemental
schedules for other parameters. Schedules for special efforts are driven by
operating needs and/or the requirements of investigations under CERCLA and
Resource Conservation and Recovery Act of 1976 (RCRA). The data developed
during this effort provide a point-in-time check of the Hanford contributions
to the chemistry of the Columbia River.

2.0 HYDROLOGIC SETTING

The Hanford Reach of the Columbia River extends from Priest Rapids Dam,
approximately 10 mi upstream of the Vernita Bridge to the Hanford Site
300 Area, approximately 44 mi downstream of the bridge. The river in this
reach is the only remaining free flowing section above Bonneville Dam.

In this reach of the river, flow is controlled by Priest Rapids Dam.
There are no backwater effects of the downstream impoundment at McNary Dam.
Flow is contained within the natural channel of the river. The Columbia River
exhibits a normal distribution of discharge that peaks between April and June
due to snowmelt and is at its minimum during the late fall and early winter.
Superimposed on this natural flow distribution are hourly, daily, and weekly
perturbations caused by power generation through the network of Columbia River
hydroelectric dams, most directly by Priest Rapids Dam, approximately 13 mi
upstream of the first sampling point.
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During the periods of peak flow (annual and daily), the river may rise
above the level of adjacent groundwater, causing a reversal of flow direction.
Surface water is temporarily stored in the bank sediments during these events.
As river stage drops, this water is discharged from the sediments back into
the river; this phenomenon is referred to as "bank storage". During extended
periods of high river stage, the groundwater is restricted from discharging to
the river by the "hydraulic dam" of temporarily stored surface water. As the
river level recedes a mixture of surface and groundwater is released. As time
progresses the discharged water becomes more representative of groundwater.

Groundwater discharges to the Columbia River along both banks within the
Hanford Reach. These discharges are the result of natural and anthropogenic
influences. Groundwater flows in a general northerly to easterly direction
from the highlands that border the Hanford Site toward the Columbia River.
This natural flow system is influenced by a variety of activities on the
Hanford Site that dispose of water to the ground. This water is predominately
discharged to the ground in the central portions of the site, and does include
or has included contaminated waste streams. Plutonium production reactors
located adjacent to the river discharged large volumes of water (contaminatedIn
and noncontaminated) directly to the river and to disposal trenches located

r^l near the river. These activities have resulted in the distribution of
contaminants addressed in this study.

^
Of interest to this study are the effects of Hanford operations on the

° chemistry of groundwater discharges to the river and ultimately the effects of
those discharges on the quality of the Columbia River. At several locations,
the groundwater discharges occur as recognizable springs emanating from the
banks. Figure 1 shows the locations where springs were identified and sampled
during this project.

^

tl^l
3.0 SPRINGS

C14
In an attempt to provide comparability with the previous PNL studies by

0. McCormack and Carlile (1984) Dirkes (1990), maps were obtained from PNL
showing the approximate locations sampled during that effort. Descriptions of
the springs located between the Vernita Bridge and the Hanford Townsite were
then used as a basis for developing plans and estimates of the effort required
for sampling.

3.1 SELECTION OF SPRINGS

The spring location maps provided by PNL were field checked to assess
their representativeness under the 1991 Columbia River flow regime. Springs
that were accessible for sampling were selected from the mapped locations of
springs and seeps. A general selection occurred during a 1-d field
reconnaissance prior to onset of sampling. As the field work continued,
additional springs were located and sampled. Locations of the selected
springs were mapped in the field as they were sampled.

4
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3.2 SAMPLING

Access and availability of springs for sampling are dependant on the
stage of the Columbia Riyer. Average annual flow of the Columbia River is
approximately 120,000 ft /s. Criteria developed for the sampling stated that
sampling would be conducted only when the running 14-d average flow of the
river was below 120,000 ft3/s.

3.2.1 River Stage

River discharge at Priest Rapids Dam was obtained through the system
dispatcher for the Grant County Public Utility District in Ephrata,
Washington. The Hanford Reach of the Columbia River is subject to frequent
and rapid changes in discharge due to operations of Priest Rapids Dam. The
availability of springs for sampling depends on river stage. Discharge during
sampling was generally lowest early in the day, rising noticeably around noon
and then receding sometime after dark. Over the period of this study, flows
were generally highest during mid-week and lowest on the weekends. River

^C+ discharge forecasts were obtained prior to attempting to sample springs
exposed only at very low stage. These forecasts proved generally unreliable
as power needs varied. Sampling efforts were aborted on several occasions
when the river rose and inundated spring locations.

.. The previous 10 yr of record for daily discharge of the Columbia River
at Priest Rapids Dam were obtained from the U.S. Geological Survey (USGS),
Water Resources Division. A comparison of the 10-yr average derived from the
USGS data and the discharge reported by the Grant County Public Utility

^ District for the period of sampling are shown in Table 1 and graphically
presented in Figure 2. Discharge during the sampling period was generally
greater than the 10-yr average.

-- 3.2.2 Evaluation of Springs Prior to Sampling

C4 Measurements of spring temperature, pH, and conductivity were taken at
CY, 5-min intervals for a period of 1 h prior to attempting collection of samples

for analysis.

Temperature: Measurements were obtained by placing the instrument
thermistor probe in the spring and recording the temperature. Care was taken
to minimize external influences by shading the spring during the period of
measurement. Spring temperatures remained generally stable, and only one
sampling point changed more than 0.7°C during the 1-h period.

The premise behind the 1 h of measurements was that if a substantial
portion of the spring discharge was derived from bank storage the temperature
would be expected to approach groundwater temperature as time progressed.
Figures 3 through 8 show the relationship of time verses temperature for the
springs sampled. In the majority of cases, temperature had stabilized for
more than three consecutive measurements before the springs were sampled.
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Table 1. Columbia River Discharge, Historical and Period of Sampling.

Date 10-year 14-day Av4.^ 1991 14-day Avg.2 1991 Daily

Sept-16 79,407 89,162 83,600
Sept-17 78,448 88,708 89,000
Sept-18 78,679 87,923 93,500
Sept-19 78,554 86,731 85,800
Sept-20 77,724 85,015 82,400
Sept-21 77,194 84,869 79,800
Sept-22 76,926 85,038 77,400
Sept-23 76,444 85,846 93,000
Sept-24 76,109 86,038 97,000
Sept-25 76,029 85,385 90,900
Sept-26 75,961 85,238 94,800
Sept-27 75,686 85,262 85,500
Sept-28 75,606 86,362 70,000
Sept-29 75,385 85,271 71,100
Sept-30 74,852 85,421 85,700
Oct-01 75004 86,214 100,100
Oct-02 75,296 86,329 95,100
Oct-03 75,689 87,793 106,300
Oct-04 76,259 89,000 99,300
Oct-05 76,776 88,557 73,600
Oct-06 76,811 87,300 59,800

='? Oct-07 77,541 86,757 85,400
Oct-08 78,199 85,943 85,600
Oct-09 78,866 85,864 89,800
Oct-10 79,223 86,086 97,900

-"^ Oct-11 79,839 87,021 98,600
Oct-12 80,167 88,193 86,400
Oct-13 81,350 88,450 74,700

Lr Oct-14 82,317 88,414 85,200
Oct-15 82,233 87,093 81,600
Oct-16 82,462 85,742 76,200
Oct-17 82,561 86,450 116,200
Oct-18 82,727 85,843 90,800
Oct-19 82,719 87,014 90,000
Oct-20 82,914 88,557 81,400
Oct-21 82,889 88,707 87,500

') 10-yr 14-day average -- The running 14-day average flow, derived using the
10-yr daily mean flow (USGS Data).

2) 1991 14-day average -- The running 14-day average flow at Priest Rapids
Dam, obtained from Grant County Public Utility District, for the days of
concern.

6
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ŷ

^

^

^

-â
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The pH measurements were taken by inserting the pH electrode directly
into the spring. The measurement was recorded once the meter had
equilibrated. The pH appeared to decrease over the period of measurement.
The noted changes were consistent between springs as shown in Figures 9
through 14. The consistency of the changes suggests that pH electrode
response is the most likely reason, rather than actual changes in pH.

Electrical conductivity provides a gross indicator of the total ionic
strength of water (concentration of total dissolved solids). The Columbia
River generally has a low electrical conductivity, indicating the river has
low dissolved solids content. Groundwater generally exhibits higher
electrical conductivity than the river due to the higher total dissolved
solids content resulting from interactions with the aquifer matrix.

Measurements were taken by collecting an aliquot of water in the cup of
the conductivity bridge and reading the resulting value. Values of spring
electrical conductivity ranged from 140 micro siemens per centimeter (pS/cm)
to 335 pS/cm. The changes of electrical conductivity with time before

^ sampling are shown in Figures 15 through 20. Conductivity values for the
river ranged from 91 pS/cm to 301 µS/cm. At 22 of the 28 locations where
river conductivity was recorded, the values ranged from 91 pS/cm to 139 pS/cm.

3.2.3 Sample Collection

The procedure used for collection of spring, sediment, and river samples
is included as Appendix A. The procedure was developed to encompass

,^. foreseeable occurrences that might occur during field work. In some instances
field operations required deviation from written protocols. In these
instances deviations were recorded in the daily log and a variance or
nonconformance report was prepared that described the alternate actions taken.
Variance/nonconformance logs are contained in Appendix B. Suggested changes
to the field procedure based on experience are provided in Section 5.0.

3.2.4 Sample Handling
cr

Samples were labeled, bagged, and iced immediately after collection.
Aliquots of the spring water, river water, and sediment samples were
transported to the Westinghouse Hanford Company (Westinghouse Hanford) Health
Physics Screening Laboratory at 100-N Area for radiological screening before
the primary samples were shipped offsite. Chilled samples were controlled
under chain-of-custody pending receipt of permission for offsite shipment.
Once permission was received, the samples were repackaged in additional ice,
secured for shipment and delivered to Westinghouse Hanford Transportation for
shipment to Westinghouse Hanford's contracted laboratory. Analytical services
for this effort were provided by TMA Norcal and Weston Analytical Services.
Analyses were returned to Westinghouse Hanford Office of Sample Management
(OSM) for validation.
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3.2.5 Quality Assurance/Quality Control

Quality assurance/quality control was accomplished through the
collection of duplicate samples at two locations (4 samples, 2 river and
2 spring). These samples were submitted as blind samples to the laboratory
through the normal procedures for sample submission. The analytical results
of these duplicate samples are provided along with other analyses in the
appendices to this report.

3.3 DATA ASSESSMENT

Chemical and radiological data, as well as the onsite measurements, were
evaluated to assess contaminant levels. As discussed in Section 3.3.2, field
measurements of temperature and conductivity indicate that, in the majority of
instances, the samples collected from the springs are representative of
groundwater. In a few cases these parameters indicate that a mixture of
surface and groundwater may have been sampled. In areas such as 100-N, where
large quantities of deionized water have been discharged to the ground,

co groundwater chemistry may exhibit electrical conductivity intermediate between

cr^
groundwater and the adjacent Columbia River.

The radiological data derived from analysis of the water and sediment
samples were evaluated to assess the relative contribution of radionuclide

-- loading on the Columbia River. Gross alpha and gross beta analyses were taken
as overall indicator parameters, no attempt was made to correlate the
concentration of indicators with the concentration of specific radionuclides.
A general correlation exists for example between the gross alpha concentration
as the concentration of total uranium; and between the gross beta
concentration and the concentration of 90Sr, a beta-emitting radionuclide.
However, the gross beta value includes all possible beta emitting

CV radionuclides. Concentrations of radionuclides analyzed through the gamma
scan are generally reported as "less than" values, in spite of the fact that

- many of those numbers are large. No "less than" values were used in
evaluating contaminant contributions.

Q. This report summarizes the data by contaminant type and by sample
location (i.e., reactor area).

3.3.1 Primary Contaminants

Contaminants are entering the Columbia River through springs along the
Hanford Reach. Contaminants enter the river in the following areas: 100-B/C,
100-K, 100-N, 100-D, 100-H and 100-F. The primary (most prevalent)
contaminants are tritium (JH), strontium-90 (90Sr), chromium (Cr), and nitrate
(NO3).

Tritium: Tritium is the most wide spread constituent and occurs in
spring water at most of the reactor areas. Concentrations of 3H range from
less than 200 picocurie/liter (pCi/L) to a maximum of 24,300 pCi/L. Measured
concentrations of 3H in spring water that are at or above 20,000 pCi/L, are
restricted to springs located at 100-B and 100-N areas. Tritium is
transported as part of the water molecule and is not subject to adsorption
processes.
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Strontium-90: Concentrations of 90Sr exceeding 8 pCi/L, occur at
springs in the 100-N, 100-K, 100-H and 100-F areas. Concentrations of 90Sr
are near the detection limits in other springs. Concentrations determined
during this study ranged from a high of 3,200±70 pCi/L to lows of <0.2 pCi/L.
Strontium-90 exhibits a moderate tendency to adsorb onto the soil matrix and
is released through time by normal desorption processes.

Strontium-90 was detected in all of the sediment samples. The 90Sr
concentrations ranged from 0.2 picocuries per gram (pCi/g) at 100-H Area to
high of 207 pCi/g at 100-N Area. This result was anticipated because 90Sr
tends to adsorb onto the surfaces of soil and sediment particles, as stated
previously.

Chromium: Concentrations of Cr near or above 50 micrograms per liter
(µg/L) occur in spring waters sampled at the 100-B/C, 100-K, 100-D and 100-H
areas. Springs at site 110-2 in the 100-D Area had the maximum Cr
concentration, i.e., 124 µg/L). Chromium is the primary contaminant
identified for the 100-H and 100-D areas (DOE/RL 1990). Chromium was
generally in the anionic state (Cr207) when released to the ground. Anionic
species do not sorb to sediments as readily as cationic species.

Chromium was detected in all of the sediment samples. Chromium is a
naturally occurring element and is common to sediments derived from basaltic
environments such as at Hanford. Chromium levels ranged from a low of 9.1
milligrams per kilogram (mg/kg) to a high of 122 mg/kg. The highest level of
Cr in sediments correlated with the highest levels found in spring water.

-^ Nitrate: Concentrations of NO3 ion ranging from 1.6 to 5.5 milligrams
per liter (mg/L) were present in all springs sampled. Nitrate values reported
in this document are as nitrate (NO3), values should be multiplied by 4.5 to
equal nitrate-nitrogen concentrations. Nitrate is considered to be a
conservative constituent that travels with the water.

C,1 3.3.2 Contaminants Discharged Through Springs by Area

0% Appendix C provides the chemical data for the springs and associated
river samples derived during this study. Appendix D provides the radiological
data for those same samples. All the data is provided by sampling location in
downstream order from the 100-B/C Area to upstream of the ferry landing at the
Hanford Townsite.

3.3.2.1 100-B/C Area. Three springs at sites 037-1, 038-3, and 039-2, were
sampled. Detectable concentrations of Cr (37, 41, and 54 pg/L) along with 3H
(3,100, 20,600 and 13,000 pCi/L) and total uranium (`otU) (1.6, 1.6, and 1.5
pCi/L) discharge to the river from the 100-B/C Area. Sampling of the Columbia
River adjacent to these springs showed concentrations of Cr at 6 pg/L, 3H at
300 pCi/L, and to`U at 0.4 pCi/L. Contaminants being discharged to the river
coincide with known groundwater contaminants at this location.

Spring temperatures were the highest measured of all the reactor areas,
ranging from 20°C to 22'C.

The 3H concentration observed during the 1991 sampling was significantly
higher than that earlier reported. Dirkes (1990) reported a 3H concentration

28



DOE/RL-92-12, Rev. 1

of 1,100 pCi/L, while this study determined a concentration 20,600 pCi/L.
Nitrate concentrations at this same location were reported at 6.7 mg/L verses
2.3 mg/L determined during this study. Differences in concentration are not
readily explained, but may be due to the effects of river stage history
immediately preceding sampling for the two sampling periods.

Analyses of sediment samples show that some residual radionuclide
contamination exists at the 100-B/C Area. Positive analyses were noted for
90Sr at 0.3, 0.4, and 0.19 pCi/g, cesium-137 (137Cs) at 0.15 and 0.03 pCi/g,
radium-226 (226Ra) at 0.78, 0.45, and 0.^^ pCi/g, thorium-228 (22aTh) at 1.02,
0.78, and 1.81 pCi/g, and thorium-232 ( Th) at 0.96, 0.67, and 1.29 pCi/g.

Nonradiological analyses of the sediments showed Cr concentrations of
52.1, 51.7, and 35.6 mg/kg. The data are presented in Appendix E.

3.3.2.2 100-K Area. Three springs at sites 057-3, 074-1, and 082-2 were
sampled. Detectable concentrations of Cr (17, 64.5 and 13.9 pg/L), 3H (1400,
400 and 8900 pCVL), 90Sr (a single detection at 8.8 pCi/L at site 074-1),
technetium-99 ( Tc) (5.2 and 2 pCi/L at sites 074-1 and 082-2), and tOtU (1,

^ 0.24, and 1.1 pCi/L) were found. Samples of the Columbia River adjacent to
the sprjngs at these locations showed ranges in concentration for Cr (2 to 6
pg/L), ^OSr (<0.4 to 0.7 pCi/L), 99Tc (2 and <3 pCi/L), and `°tU (0.2, 0.3, and
0.5 pCi/L). Tritium concentrations were all below the statistically derived
detectable concentration.

Water temperature ranged from 15.6°C to 16.7°C for the three springs
sampled. Temperatures were constant over the presampling interval at each of
the springs. Measurements of pH exhibited the universal lowering with time
that is attributed to pH electrode response. Conductivity measurements were
within normal variation with the exception of the spring at site 074-1, sample
B06KS9. At this location, the temperature compensation adjustment was changed

rN thereby affecting the conductivity measurements. Successive measurements
after the change remained consistent and constant indicating that the spring

-' chemistry did not change:

The low concentrations of various constituents is compatible with the

O. limited ongoing activities in 100-K Area and the restriction of most
groundwater discharge to the Ringold Formation. No comparison with analyses
of Dirkes (1990) are possible as no springs were located during the 1988
sampling effort.

Sediment analyses from the 100-K Area show low concentrations of 90Sr,
(0.2, 0.6, and 0.6 pCi/g). Concentrations of 137Cs were 0.148, 0.214, and
0.187 pCi/g, indicating that this radionuclide

Ne
discharged through the

springs during the site's history, even though Cs is not now detectable in
spring discharges. Other radionuclides prejent in quantifiable amounts
include ZZ6Ra (0.73, 0.82, and 1.02 pCi/g), 28Th (0.79, 0.93, and 1.52 pCi/g),
and 232Th (0.78, 1.05, and 1.42 pCi/g).

Results of sediment analyses are presented in Appendix E.

3.3.2.3 100-N Area. Five springs at sites 090-1, 092-2, 092-3, 093-1, and
094-1 were sampled. These springs are the same springs that have been
routinely sampled as part of the 100-N Area environmental monitoring program.
The springs at 100-N Area were sampled in conjunction with the annual sampling
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conducted by the 100 Area Environmental Assurance personnel. Sampling was
done following the general protocols developed for the overall spring sampling
effort while under the direct guidance of 100-N Area Health Physics
Technicians for radiation safety procedures. Some deviation from the
protocols was allowed to facilitate coordination with 100-N Area personnel,
including elimination of some of the presampling measurements.

Detectable concentrations of several contaminants were found in the

springs at 100-N Area. Gross beta levels in spring water ranged from 5 to

6,830 pCi/L (the lowest level is subject to question, as repetitive analyses

showed levels as high as 886 pCi/L). Tritium concentrations ranged from 3,400

to 24,300 pCi/L. As noted during data validation, the 3,400 pCi/L value may

be low due to the acidification and subsequent neutralization of that sample.

Strontium-90 was detected in two springs at concentrations of 3,210 (site

090-1) and 395 pCi/L (site 092-2). Technetium-99 was detected in samples from

all five spring sites in concentrations ranging from 2.5 to 6.2 pCi/L.

Analysis for Antimony 125 was performed on only one sample. The sample, from

site 092-2, contained 31 pCi/L of 125 Sb.

Samples collected from the 100-N Area springs contained the highest
concentrations of radioactive contaminants observed during this sampling
effort. Nonradiological contaminants were detected at low levels. Chromium

g.^ was not detected above the sample quantitation limit in any of the springs.

Although the N-Reactor is the most recently used facility along the river,

`°tU concentrations are amongst the lowest determined. The presence of 90Sr at

concentration levels of 3,210 pCi/L is consistent with results of previous

sampling of these springs. Analysis of the spring data show that the

concentrations of contaminants differs among the 100-N Area springs. The

furthest sample, sample B06KT9 from site 090-1, showed the highest

.c2 concentration of 9Sr. The spring at site 092-3 (sample B06KV8),
approximately 0.2 mi downstream has the highest concentration of 3H.

Analysis of Columbia River water collected adjacent to the 100-N Area

-° springs showed contaminant concentrations significantly below those in the

springs. Gross Beta analyses ran9d from 1 to 2 pCi/L while 3H ranged from

<200 to 800 pCi/L. Results from Sr analyses ranged from 0.9 to 8.1 pCi/L.

cy, Three pos^tive analyses for Tc ranged from 1.7 to 3.9 pCi/L. A single

positive ZbRa analysis of 22.6 pCi/L was determined through the gamma scan.

The rapid dispersal of contaminants in the river at 100-N Area can be

attributed to the flow characteristics at that location. The river is flowing

in a northeasterly direction past 100-N Area, without islands or bank

protrusions to deflect the current or cause eddies. The banks are steep so

that water depths exceed 10 ft close to the shoreline.

Significant decreases in radionuclide contributions to the Columbia

River are evident when analytical results from this sampling are compared to

data reported by Dirkes (1990) for the 1988 sampling effort. Some
constituents have remained constant, while none have increased in
concentration. In the spring at site 090-1, gross beta concentrations have

declined from 13,800 pCi/L to 6,830 pCi/L, a factor of two. Tritium
concentrations have reduced from 111,000 pCi/L to 15,900 pCi/L, a factor of

nearly seven. Strontium-90 concentrations in 1988 were reported at 6,680

pCi/L, while 1991 concentrations were determined to be 3,210 pCi/L, again a

reduction by a factor of about two. Nitrate concentrations have been reduced

from 28.6 mg/L in 1988 to 1.4 mg/L in 1991, a factor of almost 20. Similar,
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yet not as dramatic changes in concentration are noted further downstream.
These changes can be partially attributed to the inactive status of the
N-Reactor and the near total cut-off of liquid discharges to contaminated
cribs and trenches in the 100-N Area and partially to the possible influence
of the Columbia River during the period these springs were sampled. This
reduction in discharges results in a decreased groundwater mound and an
associated reduction in the groundwater gradient toward the springs.
Additional and continued sampling of the 100-N Area springs will be necessary
to fully address the reasons for the lower concentrations of radioactive
contaminants derived through this study.

The concentration of "Sr in sediments was less than the quantitation
limit at three springs, but was 207 and 24 5 pCi42% at s2ring sites 090-1 and
092-2, respectively. Other radionuclides {37Cs, Ra, 2 8Th and 232Th were
within the ran^e present in sediments sampled from other reactor areas.
Potassium-40 (°K), a naturally occurring radionuclide, was present at an
average concentration of 12.7 pCi/g in sediment samples.

Concentrations of analytes in 100-N Area sediments are shown in
Appendix E.

" 3.3.2.4 100-D Area. Two springs at sites 110-1 and 110-2 were sampled at
s!+ 100-D Area. These springs show the highest concentrations of Cr of all sample

locations. Samples B06KX3 and B06KX4, collected at site 110-1, contained 71.7
and 75.8 µg/L Cr. Samples B06KX6 and B06KX7, collected at site 110-2,
contained 124 and 123 µg/L Cr. Radiological contaminants detected in the two
springs included 3H at 1,200 and 3,100 pCi/L, 90Sr at 4.5 and 1.8 pCi/L, 99Tc
at 0.3 and 4.9 pCi/L and `°`U at 0.9 and 1 pCi/L. Analysis of Columbia River
water at this location showed Cr and all other contaminants except t°tU at

,LS concentrations below the quantitation limits. The LOiU concentration of
0.33 pCi/L is not elevated relative to any of the river samples.

The springs at 100-D Area showed the second highest temperatures of
- those springs sampled. The springs were discharging at 18.2°C and 18.9°C.

C4
The pH and conductivity of the springs stabilized after 10 min in both

t3% springs. The range of pH was 7.55 to 7.31 between the springs. Conductivity
range for the two springs was 268 to 302 pS/cm.

Comparison with concentrations reported in Dirkes (1990) is difficult
because of the relatively low concentratioRs and the statistical nature of
radionuclide analyses. Concentrations of H (3,100 pCi/L) were determined to
be higher in 1991 than those reported in Dirkes (1990) for the spring at River
Mile 11 (site 110-2). This spring discharges close to river level and may
reflect river influences on the chemistry. The higher 3H concentration seen
from this sampling indicates a lesser influence during the 1991 sampling.
Dirkes (1990) did not analyze for Cr at this location.

Sediments collected from these 100-D Area locations show Cr in
concentrations higher than other samples. The maximum Cr concentration for
all sediments (122 mg/kg) was found at site 110-2-5, in sample B06KX5. This
sample location coincides with the highest Cr concentration determined for
spring water, i.e., 123 and 124 µg/L. Gross beta analysis of the sediments
from the two sites were 19 pCi/g (sample B06KX5) and 18 pCi/g (sample B06KY0).
The 90Sr concentrations in the same samples were -0.04 ± 0.2 and <0.3 pCi/g,
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respectively. Other constituents were within the ranges determined for all
samples.

3.3.2.5 100-H Area. Five springs at sites 144-1, 145-1, 145-2, 150-1, and
153-1, were located and sampled at 100-H Area. All of the sampled springs
showed Cr contamination, ranging from 15.7 to 51.6 pg/L. It is of interest to
note that samples collected from sites 144-1, 145-1, and 145-2 had
(unfiltered) Cr concentrations that ranged from 46.3 to 51.6 µg/1. Samples at
sites 144-1 and 145-1 were collected on September 20, 1991. The samples at
site 145-2 were collected on September 25, 1991. The spring water discharging
at these three locations appears to show stable concentrations of Cr both over
the 5-d time period and in an areal nature. Site 145-2 is about 1/10 mi
downstream of site 144-1. Concentrations of Cr (unfiltered) were lower, i.e.,
35.3 and 20.9 µg/L at downstream sample sites 150-1 and 153-1, relative to the
three upstream sites. The H concentrations ranged from 400 to 3,800 pCi/L.
Samples analyzed from sites 144-1, 145-1, and 145-2 had 3H levels of 2,900,
2,900, and 3,800 pCiJL, whereas samples from sites 150-1 and 153-1 contained
1,100 and 400 pCi/L H. The 90Sr concentrations ranged from 0.4 to a high of
12.7 pCi/L. The highest 90Sr concentration was reported from site 153-1, a
situation unlike that for Cr and 3H in which their highest concentrations
occur upriver at 100-H Area spring sites. The `°`U concentrations in the five
springs ranged from 0.7 to 1.2 pCi/L. Columbia River samples collected

y^» adjacent to the springs were at or very near the quantitation limits for
contaminant species.

^ The temperature of the springs emanating at the 100-H Area is close to
normal groundwater temperatures and ranged from 13.5°C to 16.1°C. The spring
at site 153-1 (sample B06L61), the furthest downstream, exhibited the highest
temperatures. The spring at site 145-1 (sample B06L46) was the only spring to
exhibit a definite increase in temperature during the 1-h presampling
monitoring. Temperature rose from 14.4°C to 15.1°C, over a 5-min interval,
where it stabilized.

- The pH of the individual springs in this area stabilized earlier than
any of the other springs, generally within 10 min of the first measurement.

Electrical conductivity measurements were relatively constant during the
measurement interval. Springs at sites 144-1, 145-1, and 145-2 had
conductivities of about 275 pS/cm. The spring at site 150-1 had an average
conductivity of about 220 pS/cm. The spring at site 153-1 had the lowest
average electrical conductivity of 156 pS/cm. This value could be indicative
of a relatively high dilution of groundwater with river water. This
possibility is reduced by the parallel high temperature of the spring
indicating thermal influences in the groundwater system.

The changes in field-measured parameters in this area indicate the
possibility of bank storage influences on the chemical and physical make-up of
some of the springs sampled. It appears that the sites 144-1, 145-1, and
145-2 may be less affected by bank storage than site 153-1, since conductivity
data are indicative of groundwater, and were essentially the same for the
three upstream sites over a period of 5 d. While the parameters measured at
site 153-1 are indicative of the status of discharges on the day sampled, and
likely reflect bank storage effects, the parameters may not be totally
representative of the chemistry following an extended period of low-river
flow.
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Elevated Cr concentrations are consistent with known contamination of
the groundwater system at this area (DOE/RL 1990). The level of Cr reaching
the river through the springs is at or slightly below the concentrations
expected based on historically reported groundwater concentrations.

High NO concentrations are reported for groundwater at 100-H Area and
were anticip&d from the spring samples collected in this reach. Nitrate
concentrations in groundwater at 100-H Area commonly exceed the drinking water
standard of 45 mg/L. All samples collected were below this level by a factor
of 10, which may reflect bank storage effects on chemical and radiological
concentrations. Groundwater gradients in the vicinity of the 100-H Area are
very low; this low gradient limits the movement of groundwater toward the
river. The artificial gradient imposed by the changes in river level-is
likely a primary cause for flushing of the groundwater system.

Direct comparison with the results reported in Dirkes ( 1990) is
difficult. Sampling during that study was reported to be influenced by a
recent change in river level and the possibility of bank storage influence on
spring chemistry. Similar conditions existed during this study. As

Ir postulated above, discharges at the downstream 100-H Area spring (site 153-1)
appears to be more sensitive to river stage changes than the three sites
farthest upstream.

Sediment samples collected from the springs at 100-H Area showed
positive detections of 90Sr for three of the samples. The concentrations were
0.3, 0.2, and 0.9 pCi/g among the lowest of the positive detections for this
radionuclide. Cesium-137 was detected in the sediments from all five springs
at an average concentration of 0.26 pCi/g. Naturally occurring 40K was the
most prevalent radioactive component in the sediments, averagip2% 13.3 pCi/g.

_0 Average concentrations for other detected radionuclides were; Ra at 0.74
pCi/g, ZZSTh and "Th both at 1.03 pCi/g.

tv
Results of sediment analyses are presented in Appendix E.

3.3.2.6 100-F Area. Two springs were sampled adjacent to the 100-F Area,
sites 187-1 and 190-4, and an additional four springs were sampled immediately

0^- downstream of the area at sites 207-1, 211-1, 213-1, and 216-1.
Concentrations of all constituents were close to the detection limit except
for positive values for 90Sr at 40 and 2.5 pCi/L. Sample B06L91, collected at
site 213-1, had a reported 90Sr concentration of 40 pCi/L. Analyses of
samples of the Columbia River were all reported as less than analyte
quantitation limits.

Temperature of the springs at 100-F Area was indicative of mixed water
sources, ranging from 16.8°C at site 187-1 to 14.8°C at site 190-4. Values
remained constant for the entire presampling period. Such a wide range of
temperature is unusual for non-thermally altered groundwater. River
temperature at the time of sampling was 18.3°C and 18.70C, respectively. The
pH of both springs stabilized after 15 min, and final readings were 7.35 for
both springs. Conductivity measurements indicate possible mixing of
groundwater and river water in spring site 187-1 (sample B06L66) with a
conductivity of 170 pS/cm and a higher percentage of groundwater contribution
at spring site 190-4 (sample B06L71) with a conductivity of 286 pS/cm.
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Direct comparison with Dirkes (1990) is not possible as no 100-F Area
springs were located during that effort and, therefore, were not sampled.

Sediments from springs at 100-F Area showed one positive occurrence of
90Sr. Sample B06L65 from site 190-4-S was found to contain 20 pCi/g of 90Sr.
Cesium-137 was detected at an average concentration of 0.35 pCi/g. Positive
detections of europium-155 (755Eu) were found ipo these spring sediments and
ranged from 0.326 to 0.066 pCi/g. Cobalt-60 ( Co) was detected in the gamma
scan analyses at levels ranging from 0.06 to ^ 25 pCi/g. Average
concentrations for other radionuclides were; 6Ra at 0.77 pCi/g, ZZ$Th at 1.24
pCi/g, and 232Th at 1.19 pCi/g.

Sediment analyses are presented in Appendix E.

3.3.2.7 Hanford Townsite. Two springs at sites 241-1 and 247-1 were sampled
in the vicinity of the Hanford Townsite. All analyses showed concentrations
of potential contaminants at or below the detection limit. Water from the
river was at or below the detection limit for suspected contaminants.

i^ Sediment samples from the Hanford Townsite springs showed positive
detecti2o^ns several radionuclides including BOCo, 137Cs, europium-152 (152Eu),

^ 155Eu , Ra, Th, Th, and U. These results are provided in Appendix E.
There are no sources available other than the 200 Area groundwater plume that
could provide this spectrum of constituents.

Dirkes (1990) did not sample these springs at the Hanford Townsite,
1r therefore, comparisons are not possible.

4.0 PRELIMINARY ASSESSMENT OF IMPACT
04

4.1 COLUMBIA RIVER

04 Contaminants are entering the Columbia River through springs along the
p. Hanford Reach. However, the concentrations of contaminants in river water

samples are generally below analytical detection limits. Where concentrations
are above detection limits, with the exception of specific locations noted
previously, the concentrations are significantly lower than health-based
drinking water standards. Samples of all media collected near the Hanford
Townsite showed no detectable quantities of radionuclides, and the general
chemistry of the river was good. Although the constituents added to the river
through the Hanford springs remain in the water, their impact on the quality
of the river was not discernible due to the high dilution factor.

An attempt was made to qualify the impact of the 100 Area springs on the
Columbia River. A conservative approach was taken as follows:

• A total groundwater discharge from the 100 Area NPL of 100 ft3/s was
assumed

• The minimum mandated flow for the river (36,000 ft3/s) was assumed
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• The maximum concentration for each primary radiological constituent
was applied to the assumed spring discharge.

The resulting concentration contribution, with complete mixing is shown in
Table 2.

Table 2. Calculated Concentration Due to 100 Area Spring Discharges.

Gross Beta
Tritium
Strontium-90
Technetium-99
Total Uranium

18.9 pCi/L
67.5 pCi/L
8.9 pCi/L
0.03 pCi/L
0.8 pCi/L

^0

^

C4

t4

Es•

The average concentration of Cr is 0.34 jug/L when calculated using these
extremely conservative assumptions and applying the same criteria.

4.2 SPRINGS

Water emanating from springs in the vicinity of retired reactor areas
commonly exceeds regulatory (drinking water) standards for one or more
contaminants. Depending on river stage, this water enters the Columbia River
directly or within several feet of where it surfaces and is rapidly diluted by
the river. The chemistry of the springs sampled during this study cannot be
absolutely designated as either groundwater or stored surface water. It is
evident that groundwater contaminants enter the river through these springs.
The sediments that are influenced by changes in river level serve as a zone of
mixing for the groundwater and surface water.

While positive quantities of contaminants were noted entering the river,
the mixing of contaminant containing water with the noncontaminated Columbia
River resulted in levels of contaminant concentrations that were below the
analytical detection limits used in this study. Work plans for the 100 Areas
have called for additional studies to address the impact of groundwater
discharges on the Columbia River. This study, as well as earlier studies by
Dirkes (1990) and McCormack and Carlile (1984), point out the difficulties
associated with relating spring discharge chemistry to river chemistry. It is
the authors' impression that time and effort are better spent concentrating on
the springs and the complex interrelationship of the groundwater and surface
water flow systems than on attempting whole river analyses of groundwater
inflow.

5.0 RECOMMENDATIONS

During the course of this effort it became apparent that certain
revisions to the requirements and/or procedures could be implemented without
sacrificing the quality and acceptability of the resulting data. In addition,
certain administrative actions could be taken to supplement and ensure that
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the effort could proceed more effectively. These recommendations are detailed
in the following sections.

5.1 PROCEDURAL CHANGES

5.1.1 Presampling Trend Measurements

Current: The procedure states that measurements of temperature, pH, and
electrical conductivity will be taken at 5-min intervals for a period of 1-h
prior to the onset of sampling activity.

Proposed: Field measurement of temperature, pH, and conductivity will
be taken upon arrival at the sampling site and subsequently during sampling
and at the completion of sampling. A minimum of four measurements will be
taken and recorded.

Justification: Field practice showed that these measurements did not
change appreciably over the period of sampling after stabilization of

r,< instruments. The current requirement had an adverse impact on several
occasions when sampling was aborted due to rapidly rising river levels.

gt: Reducing the amount of time spent at each spring would allow more rapid
sampling of the springs and provide a more synoptic view of spring discharges.
The understood purpose of this requirement was to allow determination of the
influences of bank storage on the effluent water. As measured, these
parameters were only of minimal use in determining whether or not the samples
represented surface water, groundwater, or a mixture of the two. Detailed and
extensive instrumentation of every spring is not justified.

^

^ 5.1.2 Locating Identification Cairns

° Current: The procedure states that one cairn at each site should be
fy placed above the high-water line.

0. Proposed: Eliminate the necessity for above high-water line placement.

Justification: At the 100-B Area, in some areas downstream of 100-D
Area and at 100-K Area, the lateral distance to reach a point above the high-
water line is sufficiently far that cairn would be out of sight.

5.1.3 Sediment Sample Depth

Current: Samples of sediments are to be collected from the top 4 in. of
sediments at each spring site.

Proposed: Eliminate depth restriction, allowing sediments to be
collected from whatever depth is necessary to provide sufficient sample mass.

Justification: The cobbly nature of the typical spring site makes this
requirement excessive. Fine grained sediments collected deeper than 4 in.
will be equally representative of potentially contaminated soils at any spring
site.
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5.1.4 Installation of Well Points

Current: Well points may be installed to enhance the ability to collect
spring samples.

Proposed: Eliminate reference to well points.

Justification: Although installing well points may ensure a constant
sampling location, such installation is impractical. The extremely cobbly
nature of the spring locations makes the possibility of well point
installation unrealistic. Gross excavation to improve the spring discharge
area proved to be the most practical means of providing a sampling site.

5.1.5 Sample Collection Sequence

Current: Collect sediment sample prior to spring/seep improvement.

Proposed: Allow collection of sediment sample following collection of
water samples.

^ Justification: Difficulties in obtaining sufficient sediment quantities
(2 kg) results in high turbidity in the spring water. The ability to defer
sediment sampling until after collection of the water will speed the entire
sampling process. Stabilization of the sediments at the sampling point will
not adversely affect the representativeness of the sediment samples.

5.1.6 Sample Containers

Current: Total activity screening calls for glass or plastic small vial
(>1 milliliters (mQ)).

- Proposed: Increase the volume required to 500 mQ for water and 250 mQ
for sediment.

!`d
Justification: The volume required is dependent on the screening

laboratory used. The increased container size is sufficient to meet the
requirements of all screening laboratories.

5.2 ADMINISTRATIVE/PROCESS CHANGES

5.2.1 Communication

Westinghouse Hanford communication with outside personnel during the
collection of the spring sample was limited to a plant radio. Use of or
access to a cellular telephone to contact the operators at Priest Rapids Dam
or other support personnel would be advantageous.
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5.2.2 Sample Refrigeration

Access to a sample-holding refrigerator would significantly affect the
cost and time associated with sample preservation. Such a refrigerator could
be located at the embarkation point or at a location close to the screening
laboratory. Ice would only be needed for cooling immediately following
collection and for ultimate shipment. There would be no need to care for
samples over weekends and other nonwork periods.

5.2.3 Flow Control

Administrative agreements should be made with the Grant County Public
Utility District, the U.S. Army Corps of Engineers and the Bonneville Power
Administration to control the flow of the Columbia River during the period of
sampling. This control would provide insurance that springs would be
available for sampling as required. Overall time and expense of sampling
could be reduced by up to 30% if this control was instituted. Attempts to

^ plan and conduct field activities based on projections of flow proved
unreliable.

,.y 5.2.4 Instruments

Use of a portable data logger to collect pH, temperature, and
conductivity data from the springs is recommended.

11
5.2.5 Absolute Location

,9
During this effort, the boat used had Long Range Navigation onboard,

CM this instrument provided a general latitude and longitude for the sampling
location. Handheld Global Positioning Satellite units are currently available

'- that could be used to define actual location to within ±25 ft. Use of Global
iy Positioning Satellite technology would permit rapid, reproducible reduction of

sampling locations to the Computer Aided Design mapping system, currently
available at the Hanford Site.

5.2.6 Spring Notation

As the springs are sampled over time a great deal of confusion will be
generated when attempts are made to correlate analyses from separate sampling
episodes. A distinct spring notation system has now been developed and
implemented, see Appendix F.

5.3 SCOPE CHANGES

Changes in the scope of sampling and analysis activities are suggested
based on the quantity, quality, and usefulness of the data collected during
this effort.
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5.3.1 Number of Springs Sampled

Sampling of springs in the vicinity of the 100 Areas Groundwater
Operable Units should be continued. The data derived through a continued
monitoring effort can be used to assess the overall impact of remediation
efforts. Without sufficient precedent information an analysis of cleanup
success will be difficult or impossible to make; for the 100 Areas sampling of

the Hanford Townsite is not necessary.

5.3.2 Collection of Near Shore River Samples
P' d , R

Sampling the Cotumbi:a _River immediately adjacent to the springs should

only`be dohe where contaminants are entering the river at levels above some

agreed upon level. '
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1.0 PURPOSE

This procedure is designed to provide a consistent means of sampling
springs/seeps and streams so that the analytical results are indicative of
environmental conditions at the sampling point.

2.0 SCOPE

This procedure applies to sampling of springs/seeps and adjacent near-
shore waters of the Columbia River and is limited to IT Corp., Westinghouse

Hanford Company and their subcontractors involved in the 100 Area spring
sampling effort.

3.0 DEFINITIONS

Saring/seep . An area along the bank of the Columbia River where
groundwater is discharging to the surface.

[`f?
Drive Point . A commercially available device commonly used to create a

small diameter well. Drive points are available in a narrow range of
diameters (1.25 to 2.5 in.), and are commonly 1.5 to 2.0 ft in length.

4.0 RESPONSIBILITIES
r!'

Specific individual responsibilities may vary depending on the magnitude

of the sampling operation. Personnel will be assigned to the effort and their

responsibilities designated by the Field Team Leader. The following
responsibility descriptions are presented as general guidelines.

{12

- 4.1. IT CORP. FIELD TEAM LEADER/COGNIZANT ENGINEER

N The Field Team Leader/Cognizant Engineer is responsible for:

^ Directing field operations
• Coordinating IT, Westinghouse Hanford, PNL support activities
• Assigning sampler responsibilities
• Maintaining Field Logbook(s)
• Coordinating transportation and shipment of samples
• Acquiring sample numbers from OSM.

4.2. WHC FIELD REPRESENTATIVE

The Westinghouse Hanford Field Representative is responsible for
direct interface between subcontractors.
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4.3. IT CORP..SAMPLER

The Sampler(s) reports to the Field Team Leader and is responsible
for:

• Installation of sample site improvements and location markers

• Completing appropriate forms as directed for each sample

• Ensuring that proper sample containers are used

• Containerizing, labeling, and sealing (e.g., evidence tape)
individual water and sediment samples

• Maintaining field custody (in accordance with WHC-CM-7-7, EII 5.1
"Chain of Custody") for all samples pending transportation to the
analytical laboratory

^ • Performing decontamination of sampling equipment

e • Conducting required field measurements.

n
5.0 REQUIREMENTS

V1^ 5.1. SAFETY REQUIREMENTS

^ All sampling activities shall comply with applicable site-specific
Job Safety Analysis (JSA) requirements for the areas being sampled. In
addition, a "tailgate" safety meeting will be held before the beginning

C4 of work each day to brief field personnel on specific hazards
anticipated for that day's effort. Activity specific safety concerns

-' are detailed in Section 6.0.
tV

O% 5.2. RADIOLOGICAL SAFETY

Sampling activities conducted in areas under radiological control
will require a Radiation Work Permit ( RWP). Before sampling is
initiated a radiological survey shall be made of the immediate vicinity
of the site(s) to be sampled to determine site-specific background
radiation levels. Sample containers shall be closed and sealed while
still inside the posted boundaries of the controlled area. All sampling
equipment and samples shall be surveyed by a Health Physics Technician
(HPT) and either unconditionally released or appropriately labeled upon
removal from the controlled area. Sample containers shall not be
permitted to leave the controlled area until exterior surfaces are found
to be free of removable radioactive contamination. The determination of
the presence or absence of removable radioactive contamination shall be
accomplished using standard wipe/counting methods.

During sampling activities all protective clothing and/or waste that
are used or generated shall be controlled in a manner that protects it
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from undue exposure to the elements (wind, rain, etc.) and prevents
inadvertent loss of control.

Used protective clothing and waste that are generated during the
sampling activities conducted in radiologically controlled areas shall
be containerized, surveyed, labeled, and transported to appropriate
storage or disposal areas at completion of activities. Upon completion
of sampling activities, surface radiological contamination levels shall
be determined; radiological contamination levels in excess of pre-
sampling levels shall be remediated prior to cessation of activities in
that area.

5.3. RECORDS

The Field Team Leader is responsible for processing field generated
records in accordance with WHC-CM-7-7, EII 1.6 "Records Management."

5.4. TRAINING

Personnel involved directly in the collection and handling of
sediment and water samples shall be trained to meet the requirements of
29CFR1910.120, documentation of such training will be available at the

-• IT Richland Engineering Office. Person(s) in direct control of the
watercraft used to transport sampling personnel shall meet all
applicable state and federal requirements and the specifications set
forth in the Westinghouse Hanford statement of work for that
subcontract, documentation will be maintained with subcontracts files.

CV 5.5. TIMING

Spring/seep sampling conducted to yield samples representative of
true groundwater discharges to the river must be accomplished during
periods of near to below average river discharge. Late summer to early
winter river flows historically meet this condition. It Is expected
that sustained 14-d average flows of less than 125,000 ft /s will result
in effluent groundwater rather than bank storage being the predominant
source of spring flow.

6.0 PROCEDURE

6.1. SAMPLE LOCATION MARKING

All sampling locations are to be clearly marked on the shoreline
above the high-water line by two markers that form a "range" defining
line. This will allow individual sampling points to be relocated for
any subsequent event.

• The "range" will be installed so that the spring is on line with
the range
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• Range markers will be installed above the high water mark

• Markers must be highly visible and durable to resist exposure and
weathering. Metal fence posts, painted fluorescent orange, are a
type of marker that meet these criteria

• The distance from the marker nearest the river to the sampling
point will be measured using either a cloth or steel tape to the
nearest 1-ft increment and recorded in a controlled logbook

• Where feasible the range markers will driven into the sediments
using either a sledge hammer or fence-post driver

• Where posts cannot be driven, they will be installed using a wire
mesh-supported cairn.

Care should be used in installing the range markers as there is
potential danger of pinching of hands during post installation. Leather
gloves should be worn during this activity. Proper lifting techniques
are essential when securing the markers using the wire mesh cairn.

y..a 6.2. SAMPLE COLLECTION SEQUENCE

--^ Sampling of sediments shall precede spring/seep groundwater sampling
when both media are to be sampled at a single site. This is to

s°F accommodate the probable necessity of improving individual seeps and
springs to direct water to a sampling point.

• Collect sediment sample prior to spring/seep improvement. This
will ensure representativeness of the sediment sample

• Spring/seep samples and surface water samples (Columbia River) are
to be collected contemporaneously

Coordinate spring/seep and surface water sampling with sampling of
p. • groundwater sampling conducted at nearby monitoring wells if

possible

• Due to the nature of the spring discharges, no preferred order of
water sample collection is necessary

• Conformance with WHC CM-7-7, EII 10.3 PURGEWATER MANAGEMENT is not
required

• Water samples shall be collected in general conformance with WHC-
CM-7-7, EII 5.8, Rev. 1, GROUNDWATER SAMPLING, Sections 6.4
through 6.8 and Appendix A (other portions of EII 5.8 do not apply
to spring/seep sampling)

• Sample numbers shall be assigned by Westinghouse Hanford OSM.
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6.3. COLLECTION OF SEDIMENT SAMPLES

Sediment samples are to be collected from areas where springs/seeps
emanate from the riverbank. These sediments are to be used to assess
the accumulation of contaminants through sorption processes. For this
reason only sediments less than or about 2 mm in diameter are
appropriate. Two methods of sample collection are available for
gathering these samples; excavation and vacuum extraction. General
procedures described in WHC-CM-7-7, EII 5.2. Rev. 3, SOIL AND SEDIMENT
SAMPLING are to be followed with the following alterations.

6.3.1. Excavation Sampling

• Personnel will don new latex or nitrile gloves prior to each
sampling event and between sediment sampling and water sampling
activities to reduce potential for cross contamination of samples

• Use a decontaminated (per Section 6.7) stainless steel trowel or
N. similar size implement

• Collect sediments from the vicinity of where the springs/seeps
first discharge from the riverbank

^ • Sediments will be gathered from the surface to a maximum depth of
4 in. and placed in the appropriate container(s)

^
• Collect approximately 2 kg of sediment

^ • Note in the field activity daily log or controlled logbook (per
Section 6.8) the approximate size of the area sampled to meet the

r4 volume requirements

-- • Decant excess water from the sample container(s)

C4 • Immediately after collection seal, label and place sample on ice.

L7+

6.3.2. Vacuum Sampling via Peristaltic Pump

• Use new C-Flex vacuum/suction tubing at each site

• Work the intake portion of the sampler between the coarse
materials so that the fine interstitial materials enter the
collector

• Decant water from sample accumulator regularly

• Collect sample from the surface to a maximum depth of 4 in.

• Transfer the sediments from the collection system to the sample
bottles immediately following collection

• Immediately after collection seal, label and place sample on ice.
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6.4. PREPARATION OF SAMPLES FOR OFFSITE SHIPMENT

Samples transported off the Hanford Site or to uncontrolled
areas/facilities on the Hanford Site require radiological release. If
the samples cannot be opened for analysis, a representative split (water
and sediment) from each site sampled shall be submitted for radiological
release counting purposes.

6.5. PREPARATION OF SPRING/SEEP SAMPLING POINT

An initial survey of the known spring/seep areas will be made to
ascertain if naturally occurring zones of accumulation are present that
permit sample collection without improvement. If no such accumulation
zone can be located, improvement of the spring will be necessary. Two
methods are acceptable, drive point or surface accumulation area.

co 6.5.1. Installation of a Drive Point

^ • Attach short segment of standard steel pipe to the drive point
(this serves to protect the point during installation).

• Align the drive point and steel pipe so that they will penetrate
the sediments at a moderate angle, e.g., <20' from horizontal,
vertical depth of penetration should not exceed 1 ft

• Using a sledge hammer or fence-post driver, drive the steel pipe

and attached drive point into the riverbank until the screened
-'7 area is fully covered

• Remove the steel pipe from the drive point

^ • If needed for sampling, a short length of stainless steel or PVC
pipe may be threaded onto end of the drive point to aid sample
collection.

Cr.
Special safety considerations are involved in this method.

Extreme care must be taken when installing the drive point into the
riverbank. Safety goggles are essential to protect against metal
spalls from either the sledge, steel pipe, or the drive point. Hands
are potentially subject to impact from the sledge hammer or post
driver. Leather gloves should be worn as protection from metal
slivers. Footing may be tenuous due to wet and/or slippery surfaces.

6.5.2. Preparation of Surface Accumulation Area

• Select an area where the springs/seeps produce noticeable flow at
the surface.

• Selectively remove cobbles, boulders, etc., to create an
accumulation basin.
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• Removed sediments may be used to create a dam around the excavated
area.

• Channel spring/seep discharges to the collection point.

• If necessary the accumulation basin may be lined with clean sheet
plastic or decontaminated stainless steel bowl.

Special safety considerations are involved in this method.
Extreme care must be taken in lifting and moving large rocks.
Surfaces at the springs/seeps are likely to be slippery due to the
water and due accumulations of algae or slime. Slip, trip and fall
hazards may be present, as well as stress to lower back from frequent
lifting under nonideal conditions. Additional hazard may exist due
to potential over steepening of the bank and may cause sloughing from
above. Caution must be exercised during these activities.

6.5.3. Spring/Seep Sample Collection
ON

• Personnel will don new latex or nitrile gloves prior to each
sampling event to reduce the potential for sample cross
contamination

.. • Measure and record temperature, pH and conductivity of spring
discharge for 1 h at 5-min intervals. If the site being sampled
is being influenced by direct sunlight, shade the sample site to
help stabilize induced thermal variations

• Collect sample directly from the end of drive point or from the
end of the stainless steel or PVC pipe attached to the drive point

-- • The area immediately below the discharge point of the drive point
or attached pipe may be modified to facilitate filling the sample
bottles

^ • Where the above options cannot be used, the water may be
discharged into a decontaminated (per Section 6.7.2) stainless
steel bowl and then transferred to the sample containers using a
peristaltic pump.

• In instances where the spring was improved by construction of an
accumulation area, samples will be transferred into sample
containers by pumping directly from the accumulation area using a
peristaltic pump

• Filter the sample collected for ICP metals (filtered)

• Immediately after collection seal label and place sample on ice

• Discard any used flexible tubing between sampling events/locations
to prevent possible cross contamination. Segregate discarded
tubing by placing in a sealable plastic bag and marking the bag
with the sampling location. All wastes, except that generated in
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areas under radiological control, will be contained and controlled
in accordance with WHC-CM-7-7, EII 4.2, INTERIM CONTROL OF
UNKNOWN, SUSPECTED HAZARDOUS AND MIXED WASTE. Wastes generated
from areas under radiological control will be handled in
accordance with WHC-IP-0718, GUIDELINES FOR THE CONDUCT OF
RADIOLOGICAL WORK.

6.6. NEAR-SHORE RIVER WATER SAMPLING

Near-shore river water samples will be collected adjacent to the
springs to indicate the impact of spring/seepage zone discharges on
river water cheTistry. In the event that river discharge is greater
than 125,000 ft /s and covers the spring, only the river sample will be
collected.

6.6.1. Sample Site Location

0 • Samples will be collected as near to the range line as possible

All samples will be collected from areas of moving water
^"r •

• The location of the sampling position will be recorded in the
- field activity daily log or controlled logbook.

i.,'

6.6.2. Sample Depth

^ • Samples will be collected where water depth is <3 ft, at a maximum
distance of <0.5 ft above the bottom

CM
• Water depth will be determined by use of a wading staff marked in

- feet and tenths of feet.

LV

,a„ 6.6.3. Sample Collection

Samples may be collected using either of two methods; direct
filling sampler or, use of a peristaltic pump.

6.6.3.1. Direct Sampling

• Lower sampler to selected depth

• Allow flow through for minimum of 10 s.

• Close container while holding at sampling depth

• Transfer the collected sample to the filter apparatus or
sample container

• Filter the sample collected for ICP metals (filtered)
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• Immediately after collection seal, label and place sample on
ice.

6.6.3.2. Peristaltic Pump Sampling

• Determine desired sampling depth (0 to 0.5 ft above bottom)

• Attach new C-Flex suction tubing to wading staff at desired
depth

• Install tubing on pump according to manufacturers
instructions

• Actuate pump and collect samples in appropriate containers

• Filter the sample collected for ICP metals (filtered)

• Immediately after collection seal, label, and place sample
on ice per WHC-CM-7-7, EII 5.11. Rev 1, SAMPLE PACKAGING AND

-- SHIPPING.

Working in and around moving water in the Columbia River creates
^ specific hazard exposures. The buddy system will be used whenever

samples are being collected in the river. A life-line will be
- attached to the in-river sampler and controlled by the on shore

"buddy". In addition, an inflatable "Mae West" floatation device
will be worn. Hip or chest-high waders shall be worn during sample
collection. In no case shall the river be entered while barefoot.
Slip, trip and fall hazards are normal when working in moving water,
care must be taken to assure positive footing. Hypothermia is a
hazard.

- 6.7. ANALYTES, PRESERVATIVES, SAMPLE CONTAINERS AND HOLDING TIMES

CM All glassware and plasticware used to contain and ship samples shall

01. be purchased "certified clean".

6.7.1. Sediment

Sediment samples will be collected and transported in the
containers listed in Table 1. Following collection and labeling all
sediment samples will be placed in an ice chest and cooled with
frozen "blue ice" or doubly bagged water ice.

6.7.2. Water

Water samples from springs/seeps and the Columbia river will be
collected and transported in the containers listed in Table 2.
Following collection and labeling all water samples will be placed in
an ice chest and cooled with frozen "blue ice" or doubly bagged water
ice.
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6.8. DECONTAMINATION OF EQUIPMENT

Decontamination of sampling equipment shall be done in accordance
with WHC-CM-7-7, EII 5.4 Rev 3, FIELD DECONTAMINATION OF DRILLING, WELL
DEVELOPMENT AND SAMPLING EQUIPMENT, and shall consist of the following
at a minimum:

6.8.1. Sediment sampling equipment

Sediment sampling equipment shall be decontaminated at the start
of each day's activity and between sampling locations.
Decontamination shall consist of the following:

• Scrubbing the instrument in river water to remove coarse material

• Wash and scrub using Alconox or equivalent detergent solution

04
• Rinse twice using commercially available distilled or deionized

water

CN! . Wrap in clean plastic wrap pending use at next sample location

• Any flexible tubing used in vacuum system shall be discarded and
-- new tubing used for subsequent sample collection.

C!'

1^ 6.8.2. Water sampling equipment

Water sampling and filtering equipment shall be decontaminated
between sampling locations. Decontamination shall consist of the
following:

" • Equipment contacting sample shall be rinsed in river water to
remove any sediments

• Wash and scrub, if possible, the interior and exterior using
Alconox or equivalent detergent solution

• Rinse twice using commercially available distilled or deionized
water

• Wrap in clean plastic pending use at next sampling event

• Any flexible tubing Used in peristaltic pump system shall be
discarded and new tubing used for subsequent sample collection.

6.9. FIELD MEASUREMENTS

Site characteristics shall be recorded in the sampling log or
controlled notebook prior to and during the sampling events. A new page
is necessary for each sampling location. These measurements consist of
the following:
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C^

Ir±

T+9

O! j

CV

• Record date, time, and names of sample crew members

• Spring Temperature: record temperature to nearest 0.5°C at 5-min
intervals for 1 h prior to sampling, then at completion of
sampling. If collection from an accumulation area is used,
provide shading of that area to limit insolation-induced heating

• Air Temperature: record to nearest 0.5°C once at beginning of
sample period and once at end

• Time: record start and finish times for each sampling segment;
sediments, spring/seep and river, use 24-h clock and record to
nearest minute

• pH: record to nearest 0.1 pH unit at 5-min intervals for 1 h
prior to spring sampling and before and following river sampling

• Calibrate instrument at beginning and completion of each day of
field activity using standards pH 4.0, 7.0 and 10

• Record adjustments on Field Instrument Calibration Log

• Specific Conductivity: record to nearest 10 ps (microseimens) at
5-min intervals for 1 h prior to spring sampling and before and
following river sampling

• Calibrate instrument daily

• Calibrate using a standard solution of 1,000 pS

• Unusual Occurrences: record when appropriate

• Flow Rate: record approximate discharge rate of springs/seeps

• Where samples are collected through a drive point discharge report
as the rate of filling a known volume container, e.g., 1 L/min

• Where samples are collected from a surface accumulation area
visually estimate the discharge rate

• River discharge rate will be determined from discharge records
based on time of collection

• Spring Description: record a physical description of the
spring/seep

• Indicate the appearance of the sediments

• Note wetted areas above and below the sample point

• Indicate expanse of discharge area

• Indicate the size (dimensions) of any accumulation area
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• Note any rise or fall of the river stage over the sampling period
and any evidence of recent high water

• River Description: Record a subjective description of river water
clarity ( clear, colored, muddy, etc.) and other conditions at the
time of sampling

• Atmospheric Conditions: Record a simple description of weather
conditions from the start of site preparations through completion
of sampling.

6.10. SAMPLE CONTROL AND SHIPMENT

6.10.1. Sample Packaging and Shipment

Sample packaging and shipment procedures shall be those described
in WHC-CM-7-7, EII 5.11, SAMPLE PACKAGING AND SHIPPING.

6.10.2. Chain-of-Custody

Maintenance of Chain-of-Custody shall be in accordance with WHC-
" CM-7-7, EII 5.1 CHAIN OF CUSTODY.

1^

7.0 REFERENCES

n WHC-CM-7-7, EII 4.2. Rev 2, INTERIM CONTROL OF UNKNOWN, SUSPECTED HAZARDOUS

tNJ
AND MIXED WASTE.

WHC-CM-7-7, EII 5.1 CHAIN OF CUSTODY.

04 WHC-CM-7-7, EII 5.2. Rev. 3, SOIL AND SEDIMENT SAMPLING.

WHC-CM-7-7, EII 5.4 Rev 3, FIELD DECONTAMINATION OF DRILLING, WELL DEVELOPMENT
AND SAMPLING EQUIPMENT.

WHC-CM-7-7, EII 5.8, Rev. 1, GROUNDWATER SAMPLING.

WHC-CM-7-7, EII 5.11, SAMPLE PACKAGING AND SHIPPING.

WHC CM-7-7, EII 10.3 PURGEWATER MANAGEMENT.

WHC-IP-0718, GUIDELINES FOR THE CONDUCT OF RADIOLOGICAL WORK.
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Table 1. Sampling Containers for Sediment Samples.

ANALYTE METHOD HOLDING TIME CONT. /VOL

ICP METALS 6010 6 months G / 120 mQ

GROSS ALPHA Lab. SOP 6 months G/2 kg of
GROSS BETA Lab. SOP 6 months soil
GAMMA SPEC. Lab. SOP 6 months ( - 1000 mQ

TOTAL N/A G or P small
ACTIVITY vial (> 100

mQ

Table 2. Sampling Containers, Method Numbers, Holding Times
for Water Samples.

LO

t~.I

P'd2

M

^

^

ANALYTE METHOD HOLDING TIME PRESERV. CONT./VOL.

ICP METALS 6010 6 months HNO3 P/1000 mQ
filtered

ICP METALS 6010 6 months HNO3 P/1000 mQ
unfiltered

ANIONS ( IC) 300.0 48 hrs N/A P/1000 mQ
CONDUCTIVITY 9050 28 days
ALKALINITY 14 days
TDS 7 days
TURBIDITY 48 hrs
pH 9040 ASAP (upon

lab arrival

AMMONIUM 28 days H2SO4 P/250 mQ
COD 28 day s H SO

TOC 9060 28 days SOH Gs 250 mQ

GROSS ALPHA Lab. SOP HNO3 P/4000 mQ
GROSS BETA Lab. SOP HNO3
GAMMA SPEC. Lab. SOP 6 months HNO3
TOTAL URANIUM Lab. SOP 6 months HNO3 G/120 mQ
TRITIUM Lab. SOP 6 months HNO3 Gs/250 mQ
Sr-90 Lab. SOP 6 months HNO3 P/1000 mQ
Tc-99 Lab. SOP 6 months HN0 P / 1000 mQ

TOTAL N/A G or P
ACTIVITY

L
small vial

L- - (> 100 mQ
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APPENDIX B

NONCONFORMANCES AND VARIANCES TO APPROVED PROCEDURE
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1ECffitOIDGY
CORPOIGTION

NONCONFaRMANCc REPORT

PROJEC' NO. 199806.121•02 PAGE -L ZF

PROJEC7 NAME Ran'9o`d Z24ch S4ring Sa-201"A OATE 2-1 2'92

NONCONFORMANCE: The conductivity meter used during the Hanford Reach Spring
Sampling (September through November 1991) was not calibrated at the frequency required
in the Hanford Reach Spring Sampling Performance Procedure, Revision 0, dated August
30, 1991. Section 6.9 requires use of a daily calibration using a standard solution of
1000 pS.

Calibration was performed using the required standard, but only on two occasions: on
a'° 11-01-91 and 11-24-91. On both occasions the instrument "as found" condition was

within 10% of the standard, which was felt to be sufficiently accurate and showed
instrument stability over time.

2-IZ-92lOENTIFtED By. Richard Mwhoocl At

CORREC',iVE ACZtON RECUIRED:

°'4' Because the conductivity meter showed stability and because meter readings were
only used to show sampling source consistency prior and during sampling, no
corrective action for the data obtained is necessary. For future sampling
events, a meter with improved temperature correction function should be used.

C14 TO BE PERFCRMEO BY. A%A• OA7E: N A.

a. uUST VF^1^TCORRECTiON 8 YES^ NO

TO BE

#
VERtFIED flY: ^ pREPARED BY F.D. Carter OA7F_ 2/12/92

CORRECTIVE ACTiON TAKEN:

PERFORMED BY:

vERlFlEO 8Y:

CC: Aporoveo 8y.

OATE:

DATE:

Cats:

.atr.
2/12 /92

r.u. s.ni1c

B-3 QA Manager
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^ t1rCffidCIGGY
CORP08ASION

NONCCNFuRMANCc REPORT

PROJECT N0. 1019906•121.02 PAGE 1 yF I

PROJECT NAAAE NqW^ord iZ¢ach 2^CLnA SaMall'ng
oArE Z- 12-q 2

NONCONFORMANCE: Installation of range markers during Hanford Reach Spring

Sampling (September through November 1991) did not completely follow the Hanford Reach

Spring Sampling Performance Procedure, Revision 0, dated August 30, 1991. Section 6.1

requires that range markers be installed above the high water mark.

Range markers were installed above the apparent seasonal high water line. However,
many of the range markers are located at elevations below the high water line
associated with the annual maximum river discharge. Range markers would not be visible
from the river if installed above the annual high water line in some sampling locations
at the 100-H, 100-F, 100-K, and 100-B/C areas. The annual high water line was
indicated by debris entangled in the branches and crowns of trees and shrubs found
along the shoreline. Locations of springs were also plotted on 1 to 2000 scale maps to
provide a back-up method of locating the springs.

iOENTIFtED 8Y. Richata Mahood CATE.'L-12-q2

CORRECTIVE AC7tON RECUIRED: Revise the Hanford Reach Spring Sampling Performance
Procedure, Revision 0, dated August 30, 1991 to accommodate field conditions and
information gained during the 1991 field season. The revision should incorporate
information gained from inspection, after the period of annual maximum flow, of the
range markers installed during the 1991 field effort. The revision should beperformed prior to the next sampling period.

TO

BE

PERFCRYED 8Y: Richard Mah^ CATE-. 2-t2-q2

MUST CORRECTION BE YERlFlEDT YES X NO
TO BE VERIFlED BY:b•A• NWNrs PREPARED BY:R• MahoodfFD. Cartet' OATE. 2-12-012

CORRECTIVE ACTION TAKEN:

PERFORhAED BY: CATE:

vERIFlED 8Y: DATE:^

CC Corrective Action
AoOrOVb By. Cott

Reo_uired
Cat^

B-4 F. . Carter
QA "lanager

^
2/12/92
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'1'EMi0LOGY
COSPOi4tI0N

NONCONFORMANCE REPORT

PROJECT NO. 12q206 • 12l• 0 2 PAGE _L
DF

PROJECT NAME IAa^'qird 2eack 926n Saw,tlinj^ oATEs Z-Q--q2

NONCONFORAAANCE: Collection of sediment samples during Hanford Reach Spring
Sampling ( September through November 1991) did not coopletely follow the Hanford Reach
Spring Sampling Performance Procedure, Revision 0, dated August 30, 1991. Section 6.2
requires that sediments be collected before spring water collection, and Section 6.3.1
requires sediments be collected no more than four inches below the surface.

Spring and river water•were collected concurrently but before sediment collection.
This allowed all samples to be collected as quickly as possible and did not diminish
the quality of the samples. Collecting water before sediment reduced the possibility
that rising river level would flood the spring during sampling, before all types of
samples could be collected. The river water level was found to be capable of rising
many feet in a few hours which limited the time available for sampling at a location.

When sampling sediment on shorelines consisting largely of gravel, cobbles, or boulders
the fine-grained sediments were collected as much as 12 inches below the surface to
obtain the required two kg of fine-grained sediment.

IDEN-nFIE0 By. Richard Mahoocl DAW_; 2-12 -q 2

CDRRECTIVE AC170N REOUNtED: Revise the Hanford Reach Spring Sampling Performance
Procedure, Revision 0, dated August 30, 1991 to include information gained during the
1991 field season. The revision should include the order in which water and sediment;
samples are collected, and modification of the procedure to accommodate field
conditions. The revision should be performed prior to the next sampling period.

TO BE PERFCRYED BY: JRichard Mahood DATF_ 2-I2-012-

CORRECTION BE VERlFiEO? 'rE5 NO

TO BE VERIFZED BY:^•A. M^ PREPARED BY:'R•lhahood D. Carih^ DAM 2-12-1Z

CORRECTIVE ACTION TAKEN:

PERFORMED BY DATE:

vEfiFlED BY: DAlE-

CC: Corrective Action AAO^avea BY•
9,7

Reauired
'^ 2/12/92

B-5 F.D. Carter

QA Manager
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APPENDIX C

CHEMICAL ANALYSES OF WATER SAMPLES
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APPENDIX C
EXPLANATION OF TERMS

Site Identification: Identifies the specific sample site. The first three
digits, e.g., 037, identify the location using the
Hanford River Mile (HRM) system. A location at 037 is
at HRM 3.7 miles. The next digit 037-1 identifies
sites in an upstream to downstream order at that river
mile. The letter R indicates a river sample location,
e.g., 037-1-R. The letter S denotes a sediment sample
location, e.g., 037-1-S.

Sample Area: This identifier denotes the specific reactor area or
general position of the associated sample.

Sample Type: Identifies the source of the sample, either spring or
river

Discharge river/spring (ft3/s): Identifies the average discharge of the
Columbia River for the day of sampling or the
estimated discharge of the individual spring at the
time of sampling. Discharges are in cubic feet per
second.

Coordinates E (m)
Coordinates N (m): Identifies the location of the sample location

.^.- according to the NAD 1983 Washington State South Zone
Coordinates in Meters

,n

River Mile (nearest 0.1 mi.): Identifies the approximate Hanford River Mile.
^ Hanford River Mile 0.0 is at the Vernita Bridge.

Measurements are scaled from the 1:2000 maps of the
-" Hanford Site.

cm
Date: Day on which the specific sample was collected.

cr
Time Interval: The sampling interval, starting with the initiation of

presampling measurements for the springs. For river
samples, the interval denotes the actual time during
which the sample was collected.

OSM Sample No.: The sample tracking number assigned to a specific set
of samples. Each spring/sediment sample had a single
number; the adjacent river sample was assigned a
separate number. All numbers were supplied by
Westinghouse Hanford OSM.

Sample Comments: Identifies samples that were filtered during
collection using a 0.45 micron filter. Both filtered
and unfiltered water samples were collected for
analysis of metals using inductively coupled plasma
atomic emission spectroscopy.

nr: Data not recorded in the field.
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Q;,r

M

t^

^

CM

:V

c3+

Q (Qualifier): Qualifier codes were supplied through the data
validation process. All data validation was done by
Westinghouse Hanford OSM.

U - none detected; numerical value is sample
quantitation limit
J - estimated value (less than quantitation limit)
B - analyte found in associated blank as well as in
sample
E - concentration exceeds calibration range
Q - not analyzed
D - compound identified at secondary dilution factor
N - Presumptive evidence of presence of material
NJ - Presumptive evidence of presence of material at
estimated quantity
UJ - not detected; quantitation limit is estimated
R data unusable; compound may/may not be present
<blank> - positive
DIL/C - diluted out

N/A - not analyzed
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Appendix C: Water Chemistry

Ln

^

E*':

.11

SeE

O%

Sib IdentHlcatlon 1 037-1 037-1 I 037-1-R 037-1-R ^ I 038-3
Sam le Prea 1008 100B I 1008 1008 1008

Sample Source spring ^ spring river river spring

Discharge river s rin cfs) 5.90E 5.90E 9.35E+011 9.35E+041 3.30E-03
Coordinates E (m) 56450 564540 1 5649401 5649401 56467
Coordinates N(m) 1452751 145275 14 I 1453501 14527
River Mile (nearest 0.1 mi. 3.71 3. 3. 3.71 3.
Date 9 18 91 9 18 91 9 18 91 9 18 91 9 17 91
limelnterval 9:45-11:45 9:45-11:45 10:48-11:45 10:48-11:45 1325-16:19

OSM Sample No. B06KR4 O Bg8KR3 0 B06KR6 O BOBKRS 10 Bg8KR9 Q

OualityControl Sample

Sample Comments filtered filtered filtered

Numinum (ug/1) 44.70 U 1 71.30 U 38. B 55.601 U 41.7 U

Antimony (ug/1) 47. k U I 47.00 U 47. U 47.001 U 47. U

Barium (ug/I) 58.70 B I 58.7G B 26.1 B 1 27201 B 56. B

Berylium (ug/1) 1.0d U I 1, U 1. U 1.Oq U 1. U

Cadmium (ug/1) 3. U 3.00 U 3. U 3. U 3. U

Calcium (ug/I) 38000.00 38800. 17300. 17500.0q 44400.00

Chromium (ug/I) 54.1 27.7 J 6. UJI 6. UJ 40.

Cobalt (ug/1) 8. U 8.00 U 8. U 8. U 8. U

Copper (ug/I) 5. U 5.00 U 5.00 U 5. U 5.00 U

kon (ug/1) 1550.

(xi

64. 90 U 12. U 63.t^1 U 41. U

Magnesium (ug/1) 8810. 9010. 3920. B 3950. B 6910.

Manganese (ug/1) 46.60 2. 00 U 3.7 B 8. U 2. U

Nickel (ug/I) 130.00 9.00 U 9. U 9. U 9. U

Potassium (ug/I) 3700.00 8 3710.00 B 732. 8 656.00 B 4440.00 B

Silver (ug/I) 4.00 U 4.00 U 4. COX U 5.50 B 4.00 U

Sodium (ug/1) 10400.00 10600. 1850. J 2080. J 9M.00

Vanadium (ug/I) 8.00 B 6.70 B 5. U 5. U 5.40 B

Znc (ug/1) 7.00 UJ 7. UJ 7. UJ 7.001 UJ 7.00 UJ

TOC (m9/I) 1. J 2. J

COD (mg/I) < 60 < 60

Ammonia (mg/I) <0. UJ <0. UJ

Fluodde (mg/I) 0. J <0.05 J

Chloride (mg/I) 8.03 J 0.11 J

Nitrtte (mg/I) 0.05 UJ <0.05 UJ

Nitrate (mg/I) 1.62 J <0.1 J

Sulfate (mg/I) 38.7 J 2.1 J

Phosphate (mg/I) <0.1 UJ <0.1 UJ

Elec. Cond. (umho/cm) 287 J 121 J

pH 7.4 8.09

TOS (mg/I) 190 64

Turbidity (mg/I) <0. <0.

pJkalinity (mg/U ^ 99 J 531 J
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SiteIdentMOatlott 038-3 1 039-2 039-2 057-3 I 1 057-3 I 057-3-R I

SampleArea 1008 100B 1008 700K I 100K t00K

Sample Source spring spring spring spring spring river

Discharge river spdn (cfs) 3ME-03 2.00E-031 2.OOE 2.90E-041 2.90E4)41 9.30E+

Coordinates E m) 564675 564 564 567585I 5675851 E675851
Ccordinetea N(m 14527 14 14 74621 14621 14621

River Mile (neareat 0.1 mi. 3. 3.91 3. 5.71 5. 5.

Date 9 17 91 335001 9 91 9 91 9 91

Time lntenral 13:25 • 16:19 9:20 - 11: 061 9:20-11: 061 7:25 - 9:051 7:25 - 9:0 9:15 - 9:

OSM Sample No. B08KR8 0 BOBKS2 0 B08KS7 0 BOBKSS O BII6K54 0 BO6KS7 0

Ouality Control Sample

Sample Comments filtered filtered filtered

PJum(num (ug/i) 268.00 20. U 65. UJ 17.001 U 37. U 17.00 U

Mtimany (ug/1) 47.001 U 8.0d U 8. UJ 14.001 U 14.0d U 14. U

Barium (ug/I) 64.1 8 53.001 B I 63. U 38.701 BI 38.001 J 24.7 8

BeMium (ug/1) 1. U 1. U 1. U 1.001 U t.Od U 1.00 U

Cadmium (ug/1) 3.00 U 1.00 U 1. U 1. U 1. U 1. U

Calcium (ug/1) 43100. 44400. 43500. 36500.Oq 35600.Oq i 17300.

Chromium (ug/I) 36. J 13.7 17. 5. U 2 U

CobeK (ug/1) 8. U 3. U 3. U 2.00 U 2.00 U 2. U

Copper (ug/1) 5. U

4

3. UJ 2. U 2. UJ 2. U

Iron (ug/1) 395. U 62.61 B 59. 8 68.90 U 7. 00 U

Magnesium (ug/1) 6770. 6910.00 6750. 9150. 8800. 3820. B

Manganeee (ug/1) 6. U t. U 1. U t. U 3.1 U 1. B

Niekel (ug/I) 9.00 1 U 4. U 4. U 5. U 5. U 5.00 U

Potassium (ug/i) 4490. B 2590. B 2490. J 2630. J 2540.00 J 709. J

Silver (ug/I) 4. U 2 U 2. U 5.00^ U 5. UJ 5. U

Sodium (ug/I) 9520• 7230. 7010.00 11300. J 11000, J 1900. J

Vanadium (ug/I) 7. B 5.1 U 4. 40 U 8. U 8. U 2. U

Zinc (ug/1) 7. UJ 7. U 4.00 U 5.00 1 U l S.Od U 5. U

. ^ ^

TOC (m9/I) 1. J 0. U

COD (mg/i) <60 <30 <

Ammonia (mg/1) <0. UJ 0.1 J <0. UJ

Fluoride (mg/I) 0.1 J 0.1 J <0.01.

Chloride (mg/1) 9.655 J 5. 91

Nihite (mg/) <0. UJ <0.1 R <0. 05 UJ

Nitrate (mg/1) 2.20 J 2. J 1.47 J

Sulfate (mg/I) 41. J 3 J 19.1

Phosphate (mg/I) <0.1 UJ <0.1 UJ

Elec. Cond. (umho/cm) J 28 296 J

pH 7.68 7. 7.71

TDS (m9/1) 21 1 94 18

Turbidity (mg/1) <0. <1 <0.

Alkaiinity (mg/1) 1 J ' 119 I J
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SltaIdenttlleabon 057-3-R I 077-1 I 077-1 077-1-R 077-1-R I

Samp le Area 100K 100K 100K 100K 100K

Sample Source river spring spring river river

Dischar e river spring cfs) 9.30E+04 1.80E-0 1.80E-02 7.62E+04 7.62E+

Coordinates E (m 567595 1 569680 5696801 569680 5696801

Coordinates N (m) 14621 14807 14807 14807 148070I
FUver Mile (nearest 0.1 mi.) 5. 7. 7.71 7. 7.71
Date 9 25 91 10 18 91 10 16 91 10/ 16/91 10 16 91

Time Interoal 9:15 - 9:50! 12:30 -13:30 12:30 - 13:30 12:40 -13:28 12:40 - 13:26

OSM Sample No. Bg6KS8 O BO6KT0 0 8g6KS9 Q BOBK72 0 BO6KT1 Q

Quality Control Sample

Sample Comments filtered filtered

Aluminum (ug/1) 97.30^ U 45. U 255. 21.1 U 74.9C U

Antimony (ug/1) 14.90 U I 14.00 U 47. U 14.00 U 47.00. U

Barium (ug/i) 27.4q J 36. 8 35.90^ B 25.001 B 29.701 B

Berylium (ug/1) 1.001 U 1. U 1. U 1. U 1. U

Cadmium (ug/1) 1.00 U 1. U 3. 00 U 1. U 3. U

Calcium (ug/1) 17600.001 1 28400. 27100. 17500. 16600.

Chromium (ug/1) 2. U 64. 68.7 2.00 U 8. U

Cobalt (ug/1) 2. U 2.00 U 8.00 U 2 U 8. U

Copper (ug/1) 2. UJ 2.00 U 6. 50 B 2.00 U 5. U

Iron (ug/I) 97. 8 45. U 243.00 10. U 171.

Magnesium (ug/1) 3850. B 6560.00 J 6350.00 3890. J 3700. B

Manganese (ug/1) 8. B 1. U 8.7 B 1.50 U 19.

Niekel (ug/I) 5. U 5. U 9. U 5. U 9.00 U

Potassium (ug/1) 718.00 J 1470. B 1460.00 B 713.00 1 B 779. B

Silver (ug/1) 5.00 UJ 5. U 5.50 8 5.00 U 4. U

Sodium (ug/1) 2140.00 J 3270. J 3270.00 J 1670.00 J 1580. J

Vanadium (ug/1) 2. U 3. U 6.30 B 4.1 U 5. U

Zinc (ug/1) 6.40 8 5. U 8.7 U 5.00 U 7. U

TOC (mg/I) 1. 0.7 1.

COD (mg/) < 60 < <

Ammonia (mg/I) <0. UJ <0. <0.

Fluoride (mg/I) 0.44 0.36 0.05

Chloride (mg/I) 0.7 2.61 0.83

Nitrite (mg/I) <0.05 UJ <0.05 UJ <0.05 UJ

Nitrate (mg/I) <0.1 UJ 0. 97 J <0:1 UJ

SuBate (mg/) 8. 29.1 8.97

Phosphate (mg/I) <0.1 UJ <0.1 UJ <0,1 UJ

Elec. Cond. (umho/cm) 1 23 J 206. 113

pH 7. 89 it 7. 88

TDS (mg/I) 12 80

Turbidity (mg/I) <0. 5. 1.

Alkalinity (mg/p 521 J 68. J 53. J
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Site IdenlHlcatlon 082-2 1 082-2 082-2-R i I 082-2-R 090-1

Sample Area 100K 100K 100K 100K t00N

Sample Source spring spring river river spring

Discharge river sprin (cfs) 2.20E-021 2.20E-021 9.08E+041 I 9.08E+ 2.90E-011

Coordinates E (m) 570415 5704151 5704151 57041 5713001

Coordinates N(m) 148780 14878q 14878q 1487 1499201

River Mile (nearest 0.1 mi.) 8. 31 8. 8.31 8. 9.01

Data 10 18 91 10 18 911 10 18 911 10 18 91 10 15 911

Time Interval 14:10 - 16:05 14:10 - 16:05 I 15:25 - 15:55 I 15:25 - 15:55 11:00 - 12:30

OSM Sample No. 6g6KT5 O Bg8KT4 0 Bg6KT7 10 Bg6KT6 0 Bo6KV0 0

Ouality Control Sample I

Sample Comments fiRered fihered i filtered

Aluminum (ug/1) 17.00 U 132.OOI U
17.001

U

H

46 U 50.201 U

Mtimony (ug/1) 14. U 47.001 U 30.401 B 47 00 U 14.001 U

Barium (ug/1) 40.3C BI 42.1 8 19.601 B 27.20 8 29.601 B

Berylium (ug/1) 1. U 1.001 U 1.001 UI 1.00 U 1.001 U

Cadmium (ug/I) 1. U 3.00 U 1.Od U 3.00, U 1.00 U

Calcium (ug/1) 33500. 32400.Od 17100.001 16400. 24900.001

Chromium (ug/1) 13. U 10. 2.601 U 6. U 2. U

Cobatt (ug/1) 2. U 8.(XA U 2Ad U 8. U 2. U

Copper (ug/1) 2. U 5. U 2. U 5. U 2. U

Iron (ug/I) 8. U 130. 7. U 130. 28.1 U

Magnesium (ug/1) 8180. J 8050. 3780. J 3670.OC B 4230. B

Manganese (ug/1) 1.CXA U 2 B 1. U 5. B 2. U

Nlckel (ug/1) 5. U 9. U 5. U 9. U 5. U

Potaesium (ug/1) 2530. N 2560.00 B 756. B 722. U 1230. J

Silver (ug/1) 5. U 4. U 5. U 4, U 5. U

Sodium (ug/1) 1711)0. J 17000. J 1850.001 J 1660. J 2590.Coo 8

Vanadium (ug/1) 10. U 10.7 B 4.7d U 5.00 U 3.20 U

anc (ug/1) 5. U 7.00 U 5.001 U 7.00 U 5. U

TOC (mg/q 0. U 1.

COD (mg/p < 60 < 60

Ammonia (mg/I) <0. <0.

Fluoride (mg/I) 0 0.11

Chlarida (mg/I) 6.01 0.86

Nhdte (mg/I) <0.05 UJ <0. UJ

Nitrate (mg/I) 1.11 J I 0. J

Sulfate (mg/1) 63.91 9. 23

Phosphate (mg/I) <0.1 UJ <0.1 UJ

Elec. Cond. (umho/cm) 306. 119.

pH 7.7 7.36

TDS (mg/I) 221 89

Turbidity(mg/I) 0. 88 1•

Alka!inity (mg/I) 80. J 52. J 1
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Slteldentlticatlon 090-1 ^ 090-1-R 092-2 092-2 i 092-2-R
Sample Area I 100N t00N tOON 100N 100N

Sample Source spring river spring spring river
Dischar e river/spring (cfs 2.90E-011 8.16E+ 04 5.90E-011 5.90E-011 8.16E+
Coordinates E (m) 5713001 571 571 571 465 5714651
Coordinates N (m) 1499201 149920 15015q , 1501 50 1501
River Mile (neerest 0.1 mi. 9.01 9. 9 9.2 9.
Date 10 15 911 10 1S 91 10 1S 91 10 1S 91 10 15 91
Time Interval 11:00 - 12:30 11:10 - 12:00 14:02 - 15:07 14:02 - 15:07 14:95 - 14:42

OSM Sample No. 8061Cf9 I O BOGKVI 0 BO6KV4 t] B06KV3 01 B06KV6 Q

Quality Control Sample

Sample Comments 6hered filtered

Aluminum (ug/1) 384.Oq 60.9 U 48. U 314.00 34.40 U

Antimony (ug/1) 14A0^ U 14. U 14.001 U 14.00 U I 14.00 U

Barium (ug/1) 35.3q 0 25. B 19.6d B 19. B I 29. 0

Beryllum (ug/1) 1.001 U t. u 1. U 1. U I 1. U

Cadmium (ug/1) Lo0I U 1. U 1. U 1. U I 1. U

Calcium (ug/1) 25600.001 17200. 26400. 26400, 17000.

Chromium (ug/I) 2. U 2. U 2.00 U 2. U ^ 2. U

CobaR (ug/1) 2 U 2 U 2 U 2 U 2. U

Copper (ug/1) 2.1 U 2401 U 2 U 2. U 2. U

Iron (ug/1) 405. 43.1 U 35 B 474. 93.1 U

Magneaium (ug/I) 4410.001 B 3810.CK4 8 4540. B 46D0. COKO$ 0 3770. B

Manganese (ug/I) 13. U S. U 1. U 14.00 U 2. U

NIckN (ug/1) 5. u 5. u 5. U 5.00 u S. u

Potassium (ug/1) 1270. J 678. B 1320. J 1410.00 J 658. J

Silver (ug/1) 5. U S. U 5.00 U 5.00 U 5. U

Sodium (ug/p 2640.00 1 B 1830. J 2570.60 J 2560. J 1800. J

Vanadium (ug/I) 3.50 U 2. U 2.00 U 3 U 2. U

Zinc (ug/1) 13.40 U 5. U 5.00 U 17.50 U 27. U

TOC (mg/I) 0.75 1. o. U

COD (mg/p < 60 < <60

Ammonia (mg/I) <0. <0. <0.

Fluoride (mg/I) 0.1 0.7 0.4

Chloride (mg/I) 1. 2ill 0. 86 1.

Nitrite (mg/I) <0. UJ <0.05 W <0.05 UJI

Nitrate (mg/I) 1.4 J 0. J 2. J

Sulfate (mg/I) 15.90 9.06 11.

Phosphate (mg/p <0.1 UJ <0.1 UJ <0.1 UJ

Elec. Cond. (umho/cm) 148.5 1 • 99. 152.3

pH 7.7 8.01 7.91

TDS (mg/I) 11 7 120
Turbidity (mg/I) 3. 1.2 4.

Alkalinity (m9/I) ^ 66.5 1 J 53. J 72. UJI
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Slb Identification 092-2-R 1 092-3 092-3 092-3-R 1 092-3-R

Samplehrea 100N 100N t00N t00N 100N

Sample Source river spring spring river river
-Disch arge river/spring (c(s) 8.16E+ 04 2.20E-021 2.20E-0 9.09E+041 9.08E+ 34

Coordinates E(m) 571 465 5714801 571 5714801 571 480
Coordinatee N(m) 1501 15017 1501701 1501701 15017C

River Mile nearest 0.1 mi.) 9.2 9.2 9. 21 9.21 9.2
Date 10/15 91 10 18 91 10 18 91 10 18 911 10 18 91

Tme Interval 14:15 - 14:42 1212 -13:28 12:12 -13:28 12:37 - 12:50 12:37 - 12:50

OSM Sample No. B06KV5 0 806KV9 0 806KV8 0 806KW1 O BOBKWO 0

Quality Cantrcl Sample ^

Sample Comments filtered filtered

Aluminum (ug/I) 67.7 U aq.00 U 127.001 U 17.001 U 62.20 U

llnhmony (ug/1) 14. U 14. U 47.001 U 14.0d U 47. U

Barium (ug/1) 24.1 B 23.401 8 29.701 B 24.601 B 29.70 B

Berylium (ug/I) 1. U 1.00 U 1.00 U
1.4 UI 1. U

Cadmium (ug/I) 1. U 1.00 U 3.00 U
.
1.001 U^ 3. 00 U

Calcium (ug/1) 16800. 21700. 20800.00 17500.001 16600.

Chmmium (ug/1) 2. U 2. U 6. 00 U 2. U 6. U

Cobah (ug/1) 2 U 2. U 8. U 2. U

Copper (ug/I) 2. U 2. U 5. U 2. U

kan (ug/1) 55. U 128. 138. 16. U

Magnesium (ug/I) 3720. B 5570. J 5340.00 3860. J

JManganese (ug/1) 5. U 1.40 U 6.40 B 1.0li U

Nickel (ug/1) 5. U 5.00 U 9.00 U 5.00 U

Potassium (ug/1) 707.00 1 J 2260.00 B 2050.00 B 683. B

Silver (ug/I) 5. U 5.00 U 4.00 U 5.00^ U

Sodium (ug/1) 1780.00 J 4170.00 J 4060. J 1800.Od J 1610.00 J

Vanadium (ug/1) 2 U 16.50 U 15.301 B 2.6d U I 5.00 U

anc (ug/I) 5.00 U 5.00 . U 7.00 ^ U 24.4d U 7.00 U

TOC (mg/I) 1. 0.5 U 1.1

COD (mg/I) < 60 < < 60

Ammonia (mg/I) <0. <0.5 <0.

Fluoride (mg/I) 0.38 0.1 0.41

Chloride (mg/I) 0.88 1.77 0. 86

Nitrite (mg/I) <0.05 UJ <0.05 UJ <0.05 U

Nitrate (mg/I) 0.5 J 1. 53 J 0.5

Sulta» (mg/I) 9.1 14.23 8.88

Phosphate (mg/I) <0.1 UJ <0.1 UJ <0.1 U

Elec. Cond. (umho/cm) 98. 167. 117.1

pH 8.2 7.7 7.

TDS (mg/I) 7 11 81

Turbidity (mg/I) 0. 1.5 1.

Alkalinity (mg/I) 55.1 J 64.6 J 52.
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She IdeatMcatlon 093-1 093-1 093-1-R 093-1-R 894-1
Sampfe Area 100N 10ON 1OON 1OON 100N I

Sample Scurce spdng spring rrver river spring
Dischar e river/sp rin g cfs 4.50E-031 4.5012-03 9.08E+041 9.08E+041 2.20E-07J
Coordinates E (m) 5715001 571 5715001 571 5716801
Coordinates N (m) 1501 851 150185 1501851 1501 1504651
Rtver Mile (nearest 0.1 mi.) 9. 9. 9.31 9. 9.
Date 10 18 91 10 18 91 10 18 911 10 18 91 10 17 911
Time Interval 10:30 - 11:30 10:30 - 11:30 10:41 - 11:09 10:41 - 11:09 10:05 - 11:45

OSM Sample No. B06KW4 0 B06iCW3 O BO6KW6 0 BOfiKW6 O BOBICW9 O

Ouality Control Sample

Sample Comments filtered

j;

ed Tltered

Aluminum (ug/1) 17.W^ U 1TT.00 17.0MO U 60. Arj U 17. U

Antimony (ug/I) 14.001 U 47.00 U 14.001 U 47. U 15. B

Barium (ug/I) 30. e^ 33. B 24.Sq 8 29.7 B 26._ B

Berylium (ug/1) 1.00^ U 1. U 1.001 U 1. U 1. U

Cadmium (ug/I) 1. U 3. U 1.Od U 3. U 1. U

Calcium (ug/1) 22400. 21400.00 17400.001 16600. 21000.

Chromium (ug/1) 3.1 U 6. U 2 U 6. U 2.1 U

Cobalt (ug/1) 2. U 8. U 2.Od U 8. U 2 U

Copper (ug/I) 200 U 5. U 2. U 5. U 2 U

Iran (ug/1) 7. U 202 7. U 43 U 13. U

Magneaium (ug/1) 5970. J 5810. 3850. J 3720. B 483U. J
Manganese (ug/I) 1. U 10. B 1. U 4. 8 1. U
Nickel (ug/I) 5. U 9. U 5.001 U 9. U S. U

Potassium (ug/I) 2230. B 2180. B 688.00 B 703. U 1650. B

Silver (ug/1) 5.00 U 4. U 5.00 1 U 4. U S. U

Sodium (ug/I) 4620.00 J 4510. J 1710.00 1 J 1660. J 2970. J
Vanadium (ug/1) 15.00 U 15.30 B I 3.50 1 U 5.00 U 10. U

Znc (ug/I) 5.00 U 8.7 U 5.00 1 U 7. 00 U 5.00 U

TOC (mg/I) 0. U 1.1

CCD (mg/1) < 60 < 60

Ammonia (mg/I) <0. <0.

Fluodde (mg/I) 0.1 0.1

Chloride (mg/I) 1. 93 0. 86
NiNite (mg/I) <0. UJ <0.05 UJ

Nitrate (mg/I) 1.78 1 J 0. J

Sulfate (mg/I) 15 9.14

Phosphate (mg/I) <0.1 UJ <0.1 UJ

Ebc. Cond. (umho/cm) 172 118.2

pH 7.73 7.

TDS (mg/1) 1 30 72

Turbidity (mg/I) 6.2 2.

Alkalinity (mg/U 66. J 53.21 J
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SiteIdantMeatlan 094-1 094-1-R 094-1-R 110-1 110-1
Sam le Area 100N 100N 100N i 100D 100D
Sample Source spring river river spring spring
Dischar e river s dn (cfs)l 220E-0 I 1.16E+ 1.16E+051 1.50E-0 1.50E-0
Coordinatea E(m) 571680I 571 680 5716801 573480 1 573480 1
Coordinates N m) 1504651 1 50465 150465 152375 1 15237
River Mile (nearest 0.1 mi.) I 9. 9. 9.41 11. 11.01
Date i 10 17 91 10 17 91 10 17 911 33500 335001
Time Intenrol 10:05 -11:45 10:30 -11:22 10:30 - 11:22 12:20 -13: 46 12:20-13:40
OSM Sample No. I 806KW! 0 80610C1 0 80610(0 10 1 BO6KK4 a 80610(S O

Ouality Control Sample

Sample Comments ^ filtered filtered

Aiuminum (ug/I) i 45.30 U 20. U 42.30^ U 20. U 47.40 U

Antimony (ug/1) 47. U 14, U 47.001 U 8.00 1 U 8.00 UJ

Barium (ug/1) 29.70 1 B 25.00 8 29.701 131 52.SO j B 52.50 I B
Berylium (ug/I) 1.001 U ^ 1. U 1.0q U 1. U 1. U
Cadmium (ug/I) ^ 3.00 U 1. U 3.001 U 1. U 1.00 u

Calcium (ug/I) ! 19900.001 17200. 16400.00 1 37000.00 1 35400.

Chromium (ug/1) 6.00 U 2. U 6. U 75.80 711.70

Cobalt (ug/1) 8. U 2. U 8. U 3.00 U 3. U
Copper (ug/1) 5.00 U 2. U S. U 3.00 UJ 3. W

Iron (ug/1) 58.1 U 11. U 47. U 12.20 U 42.1 U

Magnasium (ug/1) 4650. B 3810. J 3660.00 B 7290.00 6940.
Manganew (ug/1) 2. U 1. U 4.80 B 1.00 U 1. B

Nidcel (ug/1) 9.00 U 5. U 9.00 U 4.00 U 4. U
Potassium (ug/1) 1590. B 675. B 698.00 U 1930.00 B 1880. J

Sliver (ug/1) ,-, 4. U 5. U 4.00 U 2.00 U 2. U
Sodium (ug/1) 2880.c0^ J 1760. J 1600.00 J 5570.00 5320.

Vanadium (ug/I) ^ 9. B 3. U 5.00 1 U 4.60 U 5. J

Anc (ug/1) 7. U 5. U 7.00 1 U 6.30 U 6. J

TOC (mg/I) 0.65 t,

COD (mg/I) < 60 < 60 < 30
Ammonia (mg/I) <0. co. 0.1 J

Fluoride (mg/I) 0.11 0. 38 0. J
Chloride (mg/i) 1.4 0.87

Nitrite (mg/i) <0.05 UJ <0. UJ <0.1 R

Nitrate (mg/I) ! 1. 28 J 0.4 J J

Sulfate (mg/I) 11.91 8.21 34 J

Phosphate (mg/I) i <0.1 UJ <0.1 1 UJ

Elec. Cond. (umho/cm) 144, 114. 22

pH 1 7.64 7.85^ 7.
TDS (mg/Q 70 171

Turbidity (mg/I) 1. 1.

Alkalinity (mg/U ' 62. J 53.21 J 7

C-11



DOE\RL-92-12, Rev. 1

Appendix C: Water Chemistry

^

cyr

5^3

^

04

t^

Site Identification 110-2 i 110-2 110-2-H 110-2-R i 144-1
Sam lelvea 1000 1 100D 100D 100D 100H

Sample Source spring spdng river river spring
Disch e river s rin cfs 2.90E-041 ' 2.90E-04 9.48E+041 9.48E+041 1.20E-031
Coordinates E(m) 5715971 571 597 5735971 5735971 577080
Coordinates N (m) 1524701 152470 15247 1524701 1 1637701
Wver Mile neerest 0.1 mi. 11.01 11. 11.01 t t.d 14.
Date 9 26 97 9 26 91 9 26 91 9 26 91 9 20 91
TimelntervW 9:25-10:55 9:25-10: 55 10:55-11:15 10:55-11:15 9:15-11:17

OSM Sample No. 80610(7 I O 80610(6 0 80610(9 4 80610(6 0 806KV2 0

Ouality Control Sample

Sample Comments filtered I filtered filtered

Aluminum (ug/1) 17.001 U 77.00 B 18.20 B 58.80^ U 31. U

Antimony (ug/1) 14.001 U 17.00 U 14.001 U 14.001 U 47. U

Barium (ug/I) 53.201 J 55. B 24.401 8 26.001 11 40.80 8

Berylium (ug/I) 1.06 U 1. U 1.001 U 1.w U 1. U

Cadmium (ug/I) 1.00i U 3.OC U 1. 00 U 1. 00 U 3. U

Calcium (ug/I) 43300.001 42900. 16900. 17300.001 38900.

Chromium (ug/I) 123.00^ 124. 2. B 8. U 43.

Cobah (ug/1) 2 U 8. U 2.00 U 2. U 8. U

Copper (ug/1) 3.1 U 5. 01 U 2. U 2. W 5. W

Iron (ug/I) 7. U 72.7 J 22.90 8 102. 39 8

Magnesium (ug/I) 7170. 7140. 3770. 8 3790. 8 8690.

Manganese (ug/I) 1. U 4.31 B 1. U 7 ^ U 2 U

Nfcksl (ug/i) 5. U 9. U 5. U 5. U 9. U

Potassium (ug/I) 2570. B 2630. B 653. J 575. J 2830. B

Silver (ug/I) 5. U 4. U 5. U 5.00 UJ 4. U

Sodium (ug/I) 5740. J 5760. J 1720: J 1740.00 J 9250.

Vanedium (ug/1) 2 U 5. U 2. U 2.7 U 7.1 8

Zinc (ug/I) 7.001 B 8. B 5.00 U 8.40 1 8 1 7. U

TOC (mg/I) 1. 1.

COD (mg/I) < < 60

Ammonia (mg/I) <0. UJ <0.5 W

Fluoride (mg/I) 0. 0.4

Chloride (mg/I) 20.7 0.7

Nitrite (mg/I) <0.05 W <0.05 1 UJ

Nitrate (ngA) 3.99 J <0.1 J

Sultats (mg/p 44.43 8.

Phosphate (mg/I) <0.1 UJ <0.1 UJ

Elec. Cond. (umho/cm) 308 J 1 J

pH 7.4 7.

TDS (mg/I)

2

46 90

Turbidity (mg/p <0.2 1
Nkallnity(mg/I) 71 J 51 1 J
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^

.^.

^

^

cr^

Sltatdentmcatica I 144-1 I 144-1-H 144-1-R I 145-1 145-1 ^

Sam leArea 100H 100H t00H 100H t00H

Sample Source spring river river spdng spring

Discharg e dver sprin (ofs)I 1.20E03 8.24E+04 8.24E+041 nr nr

Coordinates E (m) 577 577 5770801 577 5772551

Coordinates N (m) 1 1 53770 153770 1 53660 15366d

River Mile (nearest 0.1 mi.) 14. 14.4 14. 14. 14.51

Data 9 20 91 9 20 91 9 20 91 9 20 91 9 20 91

Time Interval 9:15 - 11:17 10:30 - 11:17 10:30 - 11:17 11:48 - 13:40 11:48 - 13:40

OSM Sample No. BOBKYt 0 BOBl.44 t] B081A3 0 BOtil47 Q BOBU6 l]

Oual7tyControlSample

Sampla Comments filtered filtered

Numinum (ug/i) 169. B 31. U 115.00 B 31. U 77. B

Antimony (ug/1) 47.00^ U 47. U 47.001 U 47. U 47.00 U

Badum (ug/I) 41. 8 25. J 31.101 8 32. B 33.301 B

Berylium (ug/I) 1. U 1. U 1.OOI U 1, U I 1.00 u

Cadmium (ug/I) 3. U 3. U 3.06 U 3.0 U 3. COI U

Calcium (ug/I) 38400.00 17600. 17400.001 36700. 38500.

Chromium (ug/I) 46. 6. U 6.(Xir U 46. 46.

Cobalt (ug/I) 8.00 U 8.(XA U 8. U 8. U 8. U

COpper (ug/I) 5. UJ 5. UJ 5. UJ 5. UJ 5.00 UJ

Iron (ug/I) 223.CKA 12. U 158.00 39. B 114.00

Magnesium (ug/I) 8650. 3970. B 3950. B 8650. 9090.

Manganese (ug/I) 11.80 B 2 U 12 B 2. U 2_ B

Nickel (ug/I) 9. U 9. U 9. U 9. U 9. U

Potaseium (ug/I) 2790.00 B 665. 8 677.CKA B 1790. B 1710. B

Stiver (ug/I) 4. U 4. U 4.00 U 4. U 4.00 U

Sodium (ug/1) 9310. 1830. B 2030. B 10500. 11000.

Vanadium (ug/I) 6.7 8 5. U 5.00 1 U 5. U 5.001 U

T.Znc (ug/I) 7.00 U 7. U 7. U 1.00 U 7. U

TOC (mg/I) 0.7 1. 0.94

CAD (mg/I) < <60 < 6

Ammonia (mg/I) <0. UJ <0. UJ <0. UJ

Fluodda (mg/I) 0.1 71 J 0.1 J 0.1 J

Chloride (mg/I) 9. J 0.99 J 8.30 J

Nitrite (mg/I) <5 55 UJ <0.05 UJ <0. UJ

Nitrate (mg/I) 4.58 J 0.54 J 4.57 J

Sulfate (mg/I) 45.7 J 9.65 J 46.65 J

Phosphate (mg/I) <0.1 UJ <0.1 UJ <0.1 UJ

Dec. Cond. (umho/em) 291 J 1 23 J 293 J

pH 7. 8.1 7.26

TDS (mg/I) 20 7

Turbidity (mg/I) 1. 1.3

Nkalinity (mg/I) ^ 7 J 5 J I J
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Lr)

M

I'^

C%)

Qe

SlteldemMcation 146-1-R 145-1-R 145-2 145-2 145-2-R t
SampleArea 100H 100H 100H 100H 100H

Sample Source river river spring spring river ,
Diech e river/sprin g (cfs) 8.24E+ 8.24E+041 1.BOE-031 1.8015-03 9.09E+041
Coordinates E (m 5772551 5773301 577330 5773301
Coordinrtea N(m 1 636601 1 1 15361 51 15361 1536151
River Mila neerest 0.1 mi.) 14. 14. 14.51 14. 14.51
Date 9 20 91 9 20 9/ 9 25 91 9 25 91 9 25 911
Time Interval 12:55 - 13:20 12:55 - 13:20 11:22-13:00 11:22 - 13:00 13:00 - 13:25

OSM Sample No. 808L49 0 BOBtAO O B08L52 0 806L51 O BOBL54 Q

Oualhy Control Sample

Sample Comments fihered filtered lihered

Aluminum (ug/1) 38.50 8 69. B 137.001 8 677.00 17. U

Antimony (ug/1) 47.00 U 47. U 14.Od U 14.00 U 14. U

Barium (ug/1) 29.00 8 29.001 B 27.901 8 37.30 J 26. B

Berylium (ug/1) 1.00 U 1.0 U 1.WI U 1.00 U 1.00r U

Cadmium (ug/I) 3.00 U 3. U 1.Oa U 1.00 U 1. U

Calcium (ug/1) 17200. 16900. 34900.00 35200.00 17300.001

Chromium (ug/1) 6.00 U 6. U 47. 51.60 2.00 U

Cobak (ug/1) 8.00 U 8.00 1 U 2. U 2 U 2. U

Copper (ug/1) 6.00 UJ 5. UJ 2. U 2. UJ 2. U

Iron (ug/I) 35.40 B 115. 137. 924.00 7. U

Magneaium (ug/I) 3910.00 8 3790. B 8760. 8500. 3840. 8

Manganaae (ug/1) 2 U 8 B 1. U 37.90 1. U

Nickel (ug/I) 9.00 U 9. U 5. U 5.00 U 5. U

Potaesium (ug/1) 723. B 627. B 3430.0C J 3340.00 J 739. J

Silver (ug/i) 4. U 4. U 5. U 5.00 UJ 5. U

Sodium (u9/I) 1780. B 1870. 8 11000. '4 10900.00 J 1860. J

Vanadium (ug/I) 5. U 5.(Xi U 6.7 U 10.40 1 U 2. U

Znc (ug/1) 7. U 7.00 U 6.00 B 27.30 8.00( B

TOC (mg/) 1. 0.7
COD (mgp) < 60 < 60

Pmmonia (mg/I) <0. UJ <0. UJ

Fluodde (mg/9 0.44 J 0.21

Chlodda (m9/0 0.79 J 6.

Nitrite (mg/1) <0.05 UJ <0.05 UJ

Mlrate (mg/9 <0.1 W 4.35 J

Sulfata (mg/I) 8.57 J 38.23
Phoephatb (mg/I) <0.1 UJ <0.1 W

Dec. Cond. (umho/cm) 124 J 2.55 J

pH 8.1 7.37
TDS (mg/I) 27 1

Turbidity (mg/U 0. <0.

Alkalinhy (mg/I) J J
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^

^

T"?

wg.^

^

SlteldantMeatlon 145-2 150-1 150-1 150-1-R I 160-1-R

Sam le Area 1001-1 100H tOOH 100H 100H

Sample Sourco river spring spring river river

Discharge river dn (cfs)I 9.09E+04 3.OOE-04 3.OOE0W 9.48E+ 9.48E+041

Coordinates E (m) 57"7885 577885I 5778851 5778851

Coordinates N(m 15361 1531 60 1531 1531 601 1531 60

River Mile nearest 0.1 mi. 14.51 15. 15.q 15.01 15.

Date 9 25 91 9 26 91 9 26 91 9 28 91 9 28 91

Time Interval 13:00-13:25 12:05 - 13:35 12:05 -13:35 14:00 - 14:30 14:00 -14:30

OSM Sample No. BOBL53 O B06157 0 BOBL58 0 BOBL59 O 808L58 0

Quality Control Sample

Sample Comments filtered filtered

Aluminum (ug/1) 10g. U 17. U 413.00 17. 00 U 60. U

Antimony (ug/I) 15. U 14.00 U 14.Od U 14. U 14.Od U

Barium (ug/I) 28. J 42. B 54.Od J 1 24. 8 26. J

Berylium (ugA) 1.00 U 1. U 1.00 U 1 U 1. U

Cadmium (ug/I) 1.1 U 1.00 U 1. U 1. U 1. U

Calcium (ug/1) 17800. 28800. 30500.0 16800. 17500.

Chromium (ug/I) 2. U 21. 35. 2.00 U 2. U

Cobalt (ug/I) 2.00 U 2. U 2.Cd. U 2. U 2. U

Copper (ug/I) 2.00 UJ 2. U 2. UJ 2.00 U 2. UJ

Iron (ug/1) 136. 13.40 B 792.00 7. U 83. U

Magnesium (ug/1) 3920. B 6570. 6800. 3720. B 3820. B

Mangsnese (ug/i) 10.60 B B 31.00 1.00 U 8. U

NIekN (ug/1) 5. U S. U 6. B 5. U 5. U

Potassium (ug/I) 788.00 J 2450. J 2530. J 625. J 655. J

Silver (ug/I) 5.00 UJ 5. U S. UJ 5. U S. UJ

Sodium (ug/p 2130. J 7460. J 7650. J 1670. J 1980. J

Vanadium (ug/i) 2.90 U 2. U 7. U 2. U 2. B

Zinc (ug/I) 13.60 B 5. U 32.1 261. 8.00 B

TOC (mg/I) 1. 0. 1.

COD (mg/1) < 60 < 60 < 60

Ammonia (mg/i) <0.5 UJ <0. UJ <0. UJ

Fluoride (mg/I) 0.45 0 0.4

Chloride (mg/I) 0.7 2.7 0.71

Nitrits (mg/I) <0.05 UJ <0.05 W <0.05 UJ

Nitrate (mg/I) <0.1 UJ 1.8 J <0.1 UJ

SuMate (mg/I) 8. 8.

Phosphate (mg/I) <0.1 UJ <0.1 UJ

Elec. Cond. (umho/cm) 120 J 11 1 J

pH 7. 7.4AFI 8.03

TDS (mg/I) 7 34

Turbidity (mg/I) <0 <0.

FUkalinity (mg/I) 51 J 51 J
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N.

9`f3

)`1

eq

ON

SltaldanlMeaOon 153-1 153-1 153-1-R 153-1-R 1 187-1
Samplelvea 100H 100H 100H 100H 100F
Sample Souree

Disch arge river/s p ring (cfs)
spring

4.70E-03 1
spring
4.70E

river

8.75E+041

river

8.75E+ 04

spring

1 2.30E
Coordinates E (m )
Coordinates N (m)

57
152660

578235
152660

57
15 152660 1 14827

River Mile (nearest 0.1 mi.) 15. 15. 15. 15. 3 1 18.
Date 10 21 91 10 21 91 10 21 91 10 21 91 9 27 91
Time Interoal 11:35 - 13:10 11:35 -13:10 12:38 - 13:10 12:38 - 13:10 10:40 - 12:01
OSM Sample No. BtI8L82 Q BOBt.81 0 B08L64 Q B08L83 01 B061.87 O
Ouiality Control Sample

Sample Comments filtered filtered filtered

Aluminum (ug/1) 31. U 104.00 U 370.00 160.00 U I 32. B
Antimony (ug/1) I 47.00 1 U 47.001 U 47. U 47.00 U I 14. U

Badum (ug/1) 25.oq B 22 B 35.00 1 B 28.80 B I 24. B
Berylium (ug/1) 1.00 1 U 1. U 1. 00 U I 1.00 ^ U 1.00 U
Cadmium (ug/1) 3. U 3. U 3.00 U 3. U 1. U
Calcium (ug/1) 23700. 24100. 16700.00 16300.00 40900.
Chromium (ug/1) 15. 20. 90 6.00 U 6.00 U 2.7 B
Cobalt (ug/1) 8. U 8. U 8.00 U 8.00 U 2. U
Copper (ug/1) 5. U 5. U 5.00 U 5.00 U 2. U
Iron (ug/1) 21. U 144. 415.00 183.00 18.90 B
Magnesium (ug/1) 4240. B 4480.00 B 4220.00 B 3830.00 9 9590.
Manganew (ug/1) 2 U 4. B 3. 20 B 4.20 B 1. U
Nidrol (ug/1) 9. U 9. U 9.00 U 9. U 5.00 U

Potassium (ug/1) 1100. B 1230.CKO B 952 B 820. B 1970.00 J
Silver (ug/i) 4. U 4.00 U 4.00 U 4. U 1 5.00 U
Sodium (ug/I) 3380. J 3470.00 J 1610.00 J 1520. J 6-00.00 J
Vanadium (ug/1) 5. U 5.00 U S.00 U 5. U 2.00 U
Zlno (ug/1) 7. U 7.00 U 7. U 7. 00 U 5. 00 U

TOC (mg/Q 0.83 1,

COD (mg/I) < 60 < 60
Ammonia (mg/I) <0. 5 <0. 5

Fluoride (mg/I) 0.11 0.1
Chloride (mg/I) 1. 56 0.7
NBdte (mg/I) <.05 UJ <.051 UJ
Nltrate (mg/U 1.65 J 0.4 J
Sulfate (mg/I) 14.9 8.

Phosphate (mg/I) <0.1 UJ <0.1 UJ

Elec. Cond. (umho/cm) 134.1 89,

pH 7. 59 8.09
TDS (mg/I) 113 7
Turbidity (mg/U 0. 1.
Alkalinity (mg/q 67 5 I
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00

^

4r

^n

Cli

C'44

a%

Site Idemlflutlon
Sam leArea

Sample Sourae

Discharg e rivet spdng (cfs)

Coordinates E (m)
Coordinatea N m)

187-1
100F

spring
230E

14827

187-1-R
1001'

river
8.55E+

14827

187-1-R
t00F

river
8.55E+

14827

190-4
100F

spring

1.20E
815
14

190-4 I
1001'

spring
1.20E-031
691230
1479401

190-4-R
1001'

river
8.55E+ 041

581 2301
147940

River Mle (nearost 0.1 mi.) 18. 18. 18. 19. 19. 19-01

Date
Timeknenrel

9 27 91
10:40-12:01

9 27 91
12:20-12.37

9 27 91
12:20-12:37

9 27 91
8:00-9:35

9 27 91
8:00-9:35

9 27 91
9:50-10:10

OSM Sample No. 8081.68 0 808169 0 BOBL88 O 8061.72 0 9081.71 O 908174 0

Quality Control Sample

Sample Comments filtered filtered fikered

Aluminum (ug/1) 112.00 U 17. U 36. U 21. B 55.1 U 27. B

Antimony (ug/I) 18.1 U 14. U 14.00 U 14. U 18.201 U 14.00 U

Barium (ug/1) 25.40 J 24.5a B 26.90 U 26. B 26.86 J 24.401 B

Berylium(ug/I) 1. U 1. U1 1. U 1. U 1.001 U 1. U

Cadmium (ug/I) 1. U 1. U 11 1. U 1.001 U 1. U 1.00 U

Calcium (ug/1) 42400. 17000. 17800. 25500. 25800.001 17000.00

Chromium (ug/I) 7-40 U 2. U 6. 30 U 2.CCJ U 2. U 2 U

Cobak (ug/I) 2.00 U 2 U 2.00 U 2.00 U 2 U 2 U

Copper (ug/I) 2.00 UJ 2. U 2 UJ 200 U 2 UJ 2 U

Iron (ug/I) 10200 10. B 71. U 10. B 66.40 U 7.00 U

Magnesium (ug/I) 9710. 3820. B 3870. B 5650. 5530. 3770. B

Manganeae (ugn) 6.84 U 1.1 B 7. U 1. U 4.1 U 1.00 U

Nickel (ug/1) 5.00 U 5. U 5. U 5. U 5. U 5.CQ j U

Potassium (ugn) 2010. J 697. J 698. J 1000. J 1030. J 665. J

Silver (ug/I) 5. UJ 5. U 5.00 UJ 5.00 U 5. UJ 5. U

Sodium (ug/1) 6690. J 1850. J 2070. J 2370.00 J 2560. J 1690. J

Vanadium (ug/1) 3.00 U 2. U 2. U 2.00 U 2. U 2. U

Inc (ug/I) 11. B 12 B 13.60 B 6. 80 B 12. B 5. U

TOC (mg/0 0.79 14 0.7191

COD (mg/I) < ' '

Ammonia (mg/i) <0. <0. UJ <0.

Fluoride (mg/I) 0.1 0. J 0.39

Chloride (mg/I) 8.1 0• J 1.29

Nitdte (mg/I) <0. UJ <.05 UJ <0. UJ

Nitrate (mg/I) 2 J <0.1 UJ t. J

SuBate (mg/U 33• 8.81 J 17.9

Phosphate (mg/I) <0.1 UJ <0.1 UJ <0.1 UJ

Elec. Cond. (umho/cm) 31 97. J 17

pH 8.1 1 8. 7.4

TDS (mg/I) 17

Turbidity (mg/9 5. 1. 1 <0.21

IUkalinity (mg/I) 10 J 54. J 661 J
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CS%

6°'?

P^

In

04

Ci`

Slb Identlllcatlon I 190-4-R 207-1 207-1 207-1-R 207-1-R

Sam 4e Area 100F 100F 10oF 100F 100F i

Sample Souree river spring spring river river

Diach e river s rin cfs 8.55E+ 2.20E-0 2.20E-0 8.57E+ 04 8.57E+041

Coordinates E m 5811 230 582621 5826211 582621 5826211

Coordinates N (m 14794 1 45597 1455971 145597 1455971

Wver Mile nearest 0.1 mi.) 19. 20. 20. 20. 20.71

Data 9 27 91 9 30 91 9 30 91 9 30 91 9 30 91

Tlmelnteroal 9:50-10:10 9:10-11:15 9:10-11:15 11:50-12:20 11:50-12:201

OSM Sample No. Bg6L73 O Bg8L77 Q Bg8L76 O Bg6L79 O BOBL78 O

Ouality Control Sample

Sample Comments filtered filtered

Aluminum (ug/1) 68.OC U 17. 80 U 334.00 17. U 36.001 B

Pntimony (ug/1) 18.7 U 14. U 47.00 U 16.1 U 4750I U

Barium (ug/1) 27. J 41.6C J ^ 50. B 27. J 27.701 8

Berylium (ug/I) 1. U 1.CIO U 1. U 1. U 1.001 U

Cadmium (ug/I) 1.40 U 1. U 3. U 1. U 3. U

Calcium (ug/I) 17800. 42400. 42300. 17500. 18100.00

Chromium (ug/1) U 3.00 8 9. B 2. U 6.00 U

Cobalt (ug/1) 2 U 2 U 8. U 2.00 U 8.00 U

Copper (ug/I) 2 UJ 2 U 5. U 2 U 5. U

kon (ug/I) 65. U 7.00 U 1370. J 9.00 U 54.40 J

Magnesium (ug/1) 3870. 8 6780. 9040. 3870. B 4040. B

Manganese (ug/I) 7.20 U 1. U 4S.00 1. U 8. 8

Nfekel (ug/I) S. U 5. U 9. U 5. U 9. U

Potassium (ug/1) 689.00 J 2410. 8 2480. B 592. B 717. B

Siiver (ug/I) 5. UJ 5. U 4. U 5. U 4. U

Sodium (ug/1) 1970.00 J 9040. J 8970. J 1910. J 2060. J

Vanadium (ug/1) 2.00 B 2 U 5. U 2 U 5.Od U

IInc (ug/I) 6.40 B 8. 8 18. 8 5. U 7. 00

1

U

TOC (mg/I) 1. 0.59 1.

COD (mg/I) < 60 71 79

Ammonia (mg/I) <0. <0. UJ <0.5 1 UJ

Fluoride (mg/I) 0.43 0.1 J 0.1 J

Chloride (mg/1) 0.71 9. J 1.02 J

Nitrite (mg/I) <0. UJ <0. UJ <0. UJ

Nitrate (mg/I) <0.1 UJ 433 j <0.1 UJ

Sulfata (m9/1) 8.38 40.05 J 9. J

Phosphate (mg/I) <0.1 UJ <0.1 UJ <0.1 1 UJ

Elec. Cond. (umho/cm) 120 266.4 J 97 I J

pH 8.1 7. 9.17 ^

TDS (mg/q 516 1 61

Turbtdiry (mg/I) <0. 0. 1.2

PJkaiinity (mg/I) 5 J 94.1 J 54. J
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SReldemlllcatlon 211-1 211-1 211-1-R 211-1-R 211-1
Sample Area ' 100F 100F 100F 100F 100F

Sample Source ^ spring spring river river spring
Discharge rivet spring (cfs I nr nr 7.11E+04 7.IIE+04 1.80E-03)
Coordinates E (m) 5628641 582864
Coordinates N(m) 1451 30 145130 145130 1451301 1451 30
River Mile (nearest 0.1 ml.) 21.1 21.1 21.1 21d 21.1

Date 9 29 91 9 29 91 9 29 91 9 29 91 9 29 91
Time Interval 8:35 -10:17 8:35 - 10:17 11:30 - 12:02 11:30 -12:02 10:20 - 11:10

OSM Sample No. BOBl82 0 BOaL81 G B061.88 0 BOaL85 0 BOBL84 O

OualityConUolSample I Dup. 8061.82

Sample Comments filtered filtered filtered

Numinum (ug/1) 17.00^ U 121.00 U 19.80 BI 85.40, U 17. U

Mtimany(ug/I) ^ 14.00 U 14.00 U 14. UI 14. U 14. U

Barium (ug/1) 42. B 45.1 J 26.00 BI 28. J 43. 8

Berylium (ug/I) ^ 1. U 1. U 1.00 UI 1. u 1.Od U

Cadmium (ug/I) ^ 1.00 U 1. U 1.00 U 1. U 1. U

Calcium (ug/1) I 45500. 46400.00 18100.00 18800. 45500.

Chromium (ug/I) 2.00 U 5 U 2 U U 2. U

Cobalt (ug/I) 2. 00 U 2.00 U 2.00 U 2. U 2. U

COppar (ug/I) 2. U 2 UJ 2 U 2 UJ 2. U

Iron (ug/1) 7.00 U 231. 26.1 B 88. U 7. U

Magnesium (ug/I) 9020. 9000. 3980. B 4070. B 9010.

Manganeaa (ug/I) 1.00 U 6,30 U 1.1 B 7. U 1. U

Nickel (ug I) 5. U 5.00 U 5.00 U 5. U 5.00 U

Potassium (ug/I) 2910. J 2970. J 795.00 J 728.

00

J 2890.00 J

Silver (ug/I) 5.00 U 5.00 UJ 5.00 U 5. UJ 5.00 U

Sodium (ug/I) 10100.00 J 10100.00 J 1960. 'J 2220. J 10100.00 J

Vanadium (ug/I) 2.30 U 5.00 B 2.00 U 2. U 3.1 U

anc (ug/1) 5.00 U 11.20 B 6.00 8 10. B 5. 20 B

TOC (mg/I) 0.94 1.

COD (mg/q 63 71

Ammonia (mg/I) <0.5 UJ <0. UJ

Fluoride (mg/I) 0.15 J 0.4 J

Chloride (mg/p 9.71 J 1.02 J

Nitdte (mg/I) <.05 W <.05 UJ

Nitrate (mg/I) 5. J 0.51 J

Sulfate (mg/I) 47. J 9.31 J

Phosphate (mg/I) <0.1 UJ <0.1 UJ

Elec. Cond. (umho/cm) 230. J 100.1 J

pH 7.58 8.2

TDS (mg/I) 232
Turbidity (mg/i) 1.1 1.

Atkelinity (mg/I) 90,25 J 53. J

C-19



DOE\RL-92-12, Rev. 1

Append'a C: Water Chemistry
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SltaidenfMcation 211-1 211-1-R 211-1-R ! 213-1 213-1
Sam lelvea 100F 10OF 10OF 100F 100F

Sample Source spring
or

river spring spring
river/spring (cfs) 1.80E 7.11E+04 7.11E+ 2.30E-031 2.30E

Coordinates E(m) 5828841 5829621 5829621
Cooniinates N m 1451 145130 14513d 14481 1448131
River Mile (nearest 0.1 mi. 21.1 21.1 21.1 21.31 21.
Date 9 29 91 9 29 91 9 29 91 9 28 91 9 28 91
Timeinterval 10:20-11:10 12:11-1242 12:11-1242 10:56-12:10 10:56-1210

OSM Sample No. BOBL83 0 B081.8a 0 . 806t.87 0 B08L92 0 BOBL91 0

Ouality Control Sample Dup. B06L81 Dup. B06L88 Dup. 808L85

Sample Comments filtered fhered

Aluminum (ug/I) 859. 17.00 U 146. U 24. B 128. U

An6mony (ug/1) 19. U 14.00 U 14.00 U 14.001 U 14.001 U

Barium (ug/1) 57, J 25. 8 28.20 J 43.201 8 44. J

Berylium (ug/I) 1. U 1.00 U 1. U 1.00 U 1. U

Cadmium (ug/1) 1. U 1.00 U 1. U 1.od U 1. u

Calcium (ug/1) 46900. 18600. 18900. 45600.00 46300.

Chromium (ug/1) 4. U 2 U 4.7 U 2.40 B 6. U

Cobalt (ug/1) 2. U 2 U 2. U 2 U 2 U

Coppsr(ug/q 2 UJ 2 U 2 UJ 2. U 2 UJ

Iron (ug/I) 1850. 7.00 U 219. 24. B 184.

Magnesium (ug/1) 9280. 4060. B 4100. B 8880. 8810.

Manganese (ug/1) 48• 1. U 17. 1. U 7.1 U

Nickel (ug/1) S. U 5. U 5. U 5. U 5.00 1 U
Potassium (ug/1) 2990. J 760. J 793. J 2970. J 2960. J

Silver (ug/1) 5. W 5. U 5. UJ 5. U 5. UJI

Sodium (ug/I) 10000.00 J 2050. J 2220.6 J 9690.00 J 9700.00 JI

Vanadium (ug/I) 7.90 U 2. U 21 B 4.00 U 4.70 U

Znc (ug/1) 79.90 5. B 11.60 B 5.00 ^ U 7.60 B

TCC (mg/1) 1.1 1. 0.69
COD (mg/1) 63 < 71

Ammonia (mg/I) 0. J <0. UJ <0. UJ

Fluoride (mg/I) 0.1 J 0.11 J 0.1 J
Chloride (mg/I) 9.7 J 0.96 J 9. J

Nitrita (mg/I) <.05 UJ <.0 UJ I <.05 UJ

NiVata (mg/I) 5.52 J 0.51 J 4.93 J

Sulfate (mg/I) 47 J 9. J 49.39 J

Phosphete (mg/I) <0.1 UJ <0.1 UJ <0.1 UJ

Eiec. Cond. (umho/cm) 270. J 99. J 263.1 J

pH 7. 8.28 7.4

TDS (mg/I) 58 21
Turbidity (mg/I) 1. 2 0.7

Alkalinity (mg/I) 89. J 53. J 921 J
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Appendix C: Water Chemistry
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SlteldentMcatlon 213-1-R I 213-1-R I 216-1 216-1 i 216-1-R I

Sam lePrea 100F 100F tOOF tOOF 1OOF

Sample Source river river spring spring river

Discharg e dver s rin cts 7.OOE+ 041 7.OOE+041 nr nr 7.0OE+041

Coordinates E (m) 58296 583132 5831321 5831321

Coordinates N (m) 1448131 14481 144317 1443171 14431 71
RiverMile nealest0.1mi.) 21. 21. 21. 21. 21.61

Dab 9 28 91 9 28 91 9 28 91 9 28 91 9 28 911

Timeknerval 12:37-12:58 12:37-12:58 8:30-10:08 8:30-10:08 10:10-10:35

OSM Sample No. BOel94 0 BOBL93 0 B08L97 O B06196 0 BOBW9 0

Quality Control Sample

Sample Comments filtered filtered 6hered

Aluminum (ug/I) 17.00 U 57.1 U 17.00 U 43. B 17. U

Mtlmony (ug/I) 14.00 U 14.001 U 15. U 47.00 U 14.0d U

Badum (ug/1) 24.001 8 25.701 J 37.20 J 38.101 B 23.901 B

Beryiium (ug/1) 1.001 U 1.w U 1.00^ U 1. U 1. U

Cadmium (ug/1) 1.CK4 U 1. U 1. U 3.00 U 1. U

Calcium (u9/1) 16800. 17500.Od 38600.00 39500. 17200.

Chromium (ug/1) 2.00 U 11.3C U 32.1 6.00 B 2. U

Cobalt (ug/I) 2. U 2 U 2. U 8. U 2. U

Copper (ug/1) 2 U 2. UJ 2. U 5. U 2 U

Iron (ug/I) 7. U 110. 119. 31.1 J 7. U

Magnesium (ug/1) 3710. B 3820. B 7290. 7550. 3810. B

Manganeae (ug/I) 1.00 U 7. U 2.1 U 2. U 1. U

Nickel (ug/1) 5.00 U 5. B it. B 9. U 5. U

Potassium (ug/1) 637.00 .J 692 J 2560. B 2630. 8 632 J

Silver (ug/1) 5.00 U 5. UJ 5. U 4. U 5. U

Sodium (u9/1) 141700. J 1960. J 7870. J 8170. J ^ 1700. J

Vanadium (ug/I) 2. U 3. U 4. U 5.00 U 2. U

Znc (ug/I) 5. U 9. B S. U 10.1 B 5.0d U

TOC (mg/I) 1. 0.69

COD (mg/I) 71 71

Ammonia (mg/I) <0. UJ <04 UJ

Fluoride (mg/q OA J 0.1 J

Chtodde (mg/I) 1 J 6.99 J

Nkrite (mg/I) <.05 UJ <0.05 UJ

Nitrate (mg/I) <0.1 UJ 3.53 J

SuBate (mg/I) 9. J 38.9 J

Phosphate (mg/Q <0.1 UJ <0.1 UJ

Elec. Cond. (umho/cm) 105. J 228. J

pH 8.44 7.

TOS (mg/I) 94 19

Turbidity (mg/I) 1 0.

Mkalinity (mg/1) 52 J 78. J
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BReldantllleatlon 216-1-R 241-1 I , 241-1 241-1-R 241-1-R
Sample Area 100F IiAN HAN HAN HAN

Sample Source I river spring spring river river

Disch arge river/spring (cfs) l 7.00E+ 3.30E-021 3.30E-0 9.51E+ 9.51E+041
Coordlnates E(m) 5831 5849861 5849861 584 564986I
Coordinates N m) 94431 1408311 1408381

1

1 1408381
FYver Mib nearest 0.1 mi.) I 21. 24.1 24.1 24.1 24.11

Date 9 91 t0 2 91 10 2 91 10 2 91 10 2 97
Time kdenral 10:10 - 10:35 13:10 - 15:05 - 15:0513:10 16:07 - 16:37 16:07 - 16:37

OSMSampleNo. BOBL98 0 B08LB2 BOBLHI Q B06W6 - 0 BOBWS 0

Quality ControlSampfe

Sample Comments filtered filtered

Pluminum (ug/1) 44.90 U 17.00 B 158.Oq B 19.80 U 82.401 B

Antimony (ug/1) 14. U 14.00 U I 47.W U 14.00 U 47.001 U

Barium (ug/1) 25. J 30.190 J 38.101 B 28. J 27.7d B

Berylium (ug/1) 1.00 U t. U 1.001 U 1. U 1.001 U

Cadmium (ug/1) 1. U 1. UI 3.0N U 1. U 3.00^ U

Calcium (ug/1) 17100. 34300. - 32800.001 21400. 19800.001

Chromium (ug/1) 11.90 U 2.00 U 6. U 2. U 6.001 U

Cobalt (ug/1) 2. U 2.00 U 8. U 2.00 U 8. U

Copper (ug/I) 2 UJ 2.00 U 5. U 2.00 U 5.00 U

Iron (ug/1) 93. U 17.20 U 224. J 16.30 U 148.00 J

Magnesium (ug/I) 3750. B 7190.00 7000. 4660.00 B 4390.00 B

Manganeee (ug/1) 9. B 1.90 U 7. 8 2.40 U 10. B

Nickel (ug/I) S. U 5.00 U 9. U 5.00 U 9. U

Potassium (ug/1) 648. J 3810. B 3890. d B 1440. 00 B 1280. 8

Silver (ug/1) 5. W 5. U 4. U 5.00 U 4. U

Sodium (ug/I) 1890.00 J 16000. J 15900.0d J 5600.00 1 J 4340.0d J

Vanadium (ug/I) 2.001 U 7.30 1 U 5.9d B 3. U S.Od U

^nc(ug/I) 6.00 8 5. UI 10.6d B 5. U 12.0q B

TOC (mg/I) 1. 0. U 1.91

COD (mg/I) 71 < 711

Ammonia (mg/I) <0. UJ <0. UJ <0.5! UJ

Fluoride (mg/I) 0.38 J 0.22 J 0.1 J

Chloride (mg/I) 0. J 6. J t. J

Nitrite (mg/I) <.05 UJ <0.05 UJ <0. UJ

Nitrate (mg/I) <0.1 UJ 0.56 1 J

SuMan (mg/I) 8.84 J 26.4 J 11.621 J

Phosphate (mg/I) <0.1 W <0.1 UJ <0.11 UJ

i i
Elec. Cond. (umho/cm) 96. J 243.1 ^ J 125.41 J

pH 7. 7.93 ^ 8.251

TOS (mg/I) 9 2061 1091

Turbidity (mg/I) 0. 38 2.1 1 3.41

Alkalinity (mg/1) 49. J 10. 2 1 J 62.71 J
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Site IdentHication 241-1 I 241-1 241-1-f4 i 241-1-R 247-1
Sam le /lrea HAN HAN HAN HAN HAN
Samp le Source spring spring river river s p ring
Dischar river/springn (cfs) 3.30E-02 9.51E+ 4.70E

Coordinates E(m 5850.591 5850591 5850591 5857291
Coordinates N (m) 1407771 1 1407771 ' 1407771 14007
fUver Mile (nearest 0.1 mi.) 24.1 24.1 24.1 I 24.1 24.
Date 10 2 91 10 2 91 10 2 91 10 2 91 10 2 91
Time lnterval 15:10 - 15:20 15:10 - 15:20 15:35 -16:00 115:35 - 16:00 9:25 - 11:37

OSM Sample No. BOtriJ4 0 BOBW3 Q 806LJ8 0 ^ 806W7 0 808LK2 0

Ouality Contrcl Sample Dup. 806182 Dup. B06LB1 Dup. 8061.6 Dup. 806W5

Sample Comments filtered filtered filtered

Aluminum (ug/I) 1 U 111 B 35.7 Ui 13 B 1 U

Antimony(ug/1) 1 U 47 U 1 E UI 4 U 1 U

Badum (ug/I) 30.71 J 38.1 B 29.1 J 1 27. 8 30.7^ J

Berylium (ug/I) 1 U 1 U 1 UI 1 U 1 U

Cadmium (ug/I) 1 U 3 U 1 Ul 3 U 1 U

Calcium (ug/I) 336001 32900
189

197

Chromium (ug/I) U 6 U Ul 6 U U

Cobaft (ug/I) U 8 U U U U

Capper (ug/I) U 5 U U1 U U

Iron (ug/I) U 157 J 75. BI 19

Magnesium (ug/I) 7070 7040 4510 BI 4020
Manganeee (ug/I) 1. U 5.4 B 2.1 U 12.1

Nickel (ug/I) U 9 U U

Potaesium (ug/I) B 3810 B /27 B 107

q

Siiver (ug/1) U 4 U UI

Sodium (ug/I) 157 J 15700 J J

Vanadium (ug/I) 6. U 5 U U u u

Zinc(ug/I) 5 U 10.9 8 6.1 1 BI 10.6 B U

TOC (mg/I) 0.

COD (mg/1) 95 71

Ammonia (mg/I) <0. UJ <0. UJ

Fluoride (mg/I) 0.22 J 0.1 J

Chloride (mg/I) 6.08 J 1.31 J

Nitrite (mg/I) <0.05 W ; <0.0 UJ

Nitrate (mg/I) 1.57 J 0. J

Sulfate (mg/1) 26.54 J 10. 44 J

Phosphate (mg/I) <0.1 UJ <0.1 UJ

Elec. Cond. (umho/cm) 243.1 J 106. J

pH ^ 7.91 8.4

TDS (mg/I) ^ 21

Turbidity (mg/I) 2. 2.

Alkalinity (mg/I) 110. J 58. J
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SlteIdentlflcaBon 247-1 247-1-R 247-1-R I
Sample Area HAN H/W HAN

Sample Source spring river river
Discharge riverdn (cfs) 4.70E +04 9.51E+041
Coordinates E (m 585729 5115729 5857291
Coordinates N (m) 14007 14007 14007
River Mile (nearest 0.1 mi.) 24. 24. 24.71
Date 10 2 91 10 2 91 10 2 911
Time Interval 9:25 - 11:37 12:09 - 12:31 12:09 -12:31

OSM Sample No. B08LK7 0 BOBLK4 0 B06LK3 O

Quality Control Sample

Sample Comments filtered

Aluminum (ug/I) 92-30 8 17. 00 U 42.90 B

Antimony (ug/I) 47.00 U 14.40 U 47.00 U

Barium (ug/1) 27.701 B 26. 50 J 27.70 B

Berylium (ug/1) I 1.0 U 1. 00 U 1. U

Cadmium (ug/I) 3.00 U 1.00 U 3.001 U

Calcium (ug/1) 19200. 16800. 17000.

Chromium (ug/I) 6.00 U 2.00 U 6. U

Cobalt (ug/I) 8.00 U 2.00 U 8. U

Copper (ug/1) 5. U 2. U 5. U

Iron (ug/I) 96.1 J 7. U 84.40 J

Magnesium (ug/1) 4670. B 3710. 8 3820. B

Manganese (ug/I) 4. B 1.50 U 8. B

Nickel (ug/1) 9. U 5.00 U 9. U

Potaesium (ug/I) 1070. B 587.00 B 726. 8

Silver (ug/I) 4. U 5.00 U 4. U

Sodium'(ug/I) 2670. J 1640.00 J 1820. J

Vanadium (ug/I) 5. U 2.00 U S. U

anc (ug/1) 7.00 U

5.00

U 11. B

TOC (mgA) 0.94 1.

COD (mg/I) 79 <

Ammonia (mg/I) <0. UJ <0. UJ

Fluoride (mg/1) 0.1 J 0.1 J

Chloride (m9/I) 1.1 J 0. 83 J

Nitrite (mg/I) <0.05 UJ <0. UJ
Nitrate (mg/I) 0.68 J <0.1 UJ

Sulfate (mg/) 10. J 8.7 J

Phosphate (mg/I) <0.1 UJ <0.1 UJ

Elec. Cond. (umho/cm) 119. J 101. J

pH 7.36 8.1

TOS (mg/I) 34

Turbidity (mg/I) 0.7 1.

Alkaiinity (m9/I) 60. J 52 J
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APPENDIX D
EXPLANATION OF TERMS

Site Identification: Identifies the specific sample site. The first three
digits, e.g., 037, identify the location using the
Hanford River Mile (HRM) system. A location at 037 is
at HRM 3.7 miles. The next digit 037-1 identifies
sites in an upstream to downstream order at that river
mile. The letter R indicates a river sample location,
e.g., 037-1-R. The letter S denotes a sediment sample
location, e.g., 037-1-S.

Sample Area: This identifier denotes the specific reactor area or
general position of the associated sample.

Discharge river/spring (ft3/s): Identifies the average discharge of the
Columbia River for the day of sampling or the
estimated discharge of the individual spring at the
time of sampling. Discharges are in ft /s.

^.rt
Coordinates E (m)
Coordinates N (m): Identifies the location of the sample location

according to the NAD 1983 Washington State South Zone
° Coordinates in Meters .

River Mile (nearest 0.1 mi.): Identifies the approximate Hanford River Mile.
Hanford River Mile 0.0 is at the Vernita Bridge.
Measurements are scaled from the 1:2000 maps of the
Hanford Site.

CV Date: Day on which the specific sample was collected.

Time Interval: The sampling interval, starting with the initiation of
;y presampling measurements for the springs. For river

samples, the interval denotes the actual time during
g` which the sample was collected.

OSM Sample No.: The sample tracking number assigned to a specific set
of samples. Each spring/sediment sample had a single
number; the adjacent river sample was assigned a
separate number. All numbers were supplied by
Westinghouse Hanford OSM.

Q(Qualifier): Data qualifiers for radiological analyses are
statistical evaluations of counting errors and are
provided as plus or minus two times the standard
deviation (sigma).

N/A: Not/Analyzed

D-2
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SltildentilIcatlon 037-1 037-1-R 03h3 039-2 067-3 057-3-R 074-1

Sample Area 100B 1008 1008 1008 100K 10oK 100K

Sample Type

Dlscharge river/spring (cts)

Coordinates E (m)

spring

5.90E

564540

rlver

9.35E+04

564940

spring

3.30E

56467

spring

2.OOE

5644494C

spring

2.90E-04

56758

river

9.30E+04

567585

spring

I.SDE-02

569650

Coordinates N(m) 14527 145350 14527 14 14621 14621 14807

Rdver Mile (nearest 0.1 mi.) 3. 3.7 3. 3. 5.7 5.7 7.7

Date 9/18/91 9/18/91 9/17/91 9/19/91 9/25/91 9/25/91 10/16/91

Time Interval 9:45-11:4 10:48- 11:4 13:25-16:1 9:20•11: 7:25-9: 9:15-9: 12:30-13:

OSM Sample No. BOOKR3 Bg8KR5 806KR8 B06KS1 806KS4 BO6KS8 Bg6KS9

Quality Control Sample

Concentration in p0i v zc 2o z° 2' 20

Gross Alpha 1 1 1 2 2 2- 2 - 0 2 0 1 1 _1

GrossBeta 1(1) 2(J) 1 2(J) 4 3(J) 11 2(J) 1 2(J) 1__ .___

-

1(

H(3) 1 700(J) 300 200(J) 900(J) 31 200 14DO 300(J) < (J) 400 1

Sr(90) <0.4 (UJ) 0. 0.4(J) 0.96 0.29(J) 6. 0. <1 (J) 0. 0.2(J) 8. 0.

Tc(99) N/ N/ N/ N/ N/ 5. 1.

Total Uranium 1. 0. 0. 0.04 1. 0. 1.4 0.0 1 0.1 0.39 0.04 0.2 0.0

Gamma Scan

K(40) <134.1 <288. <146. <152 <138. <257.7 <247.

Cr(51) <312. <345. <259. <552 <381.7 <387. <498.4

Ca(60) <18.6 17.68 <16.24 18.00 <16.45 <15.7 <152

Zn(65) <23.88 <30.3 <25.7 <42.7 <28.7 <362 <38.4 _

Cs(134) <1261 <16.2 <10.9 <13.8 12. 35 <15.8 <15.7

Cs(137) <11.7 (W) 15.25 (UJ) <10.1 (UJ) <122 <10.88 QIIJ) <12.91 (UJ) <14.51

Ra(226) <23 <30.46 <35. <21. 06 <28./ <23.4 <28.44

Th(228) <20.4 <22.51 <17. <20. (UJ) <19.67 <21. <22.27

Th(232) <47.24 <61.35 <48.71 <50.1 <44. <65.51 <94• 88

Sb (125) N/ N/ N/ N/ N/ N/

0
0
m
z
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i
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N
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SIU IrHntiflcatlon 077-1-R 082-2 082-2-R 090-1 090-1-R 092-2 092-2-R

SampleArea 1WK 100K 100K 100N 100N 100N 100N

Sample Type river spring river spring __ river spring _dver

Discharge river/spring (oh) 7.62E+04 2,20E-02 9.08E+ 2.90E01 8.16E+04 5.90E-01 8.16E+04

Coordinates E(m) 57041 57041 577 571 571465 571465

Coordinates N (m) 14807 148780 148780 149920 149920 1501 50 150150

River Mile (nearest 0.1 mi.) 7. 8. 8. 9. 9 . 9 9. _

Date 10/16/91 10/18/91 10/18/91 10/15/91 10/15/91 10/15/91 10/15/91

Timelntenal 1240-13.2 14:10-160 15:25-15:55 M30 12:00 14:02-15:07 14:15- 14:42

OSM Sample No. BO6KT1 BO6KT4 BO6KT8 B06KT9 BOfiKV1 B08KV3 BoeKVS

Quality Control SampV®

Concentration in pG/ 20 2u 2c 20 Z' Z° 20

Gross Alpha 1 1 1 1 1 1 1 1

Gross Bela 1(J) 4 1(J) 1 1(J) 6830 22(J) 6 1(J) 5 1(R) 2 1(J)

H(3) < < 2DO 1 300 100 100

Sr(90) 0. 02(J) <0. (U) <0. (U) 32 7 7 1.2 395 1 _ 1(J

Tc(99)--- 1 <2 < 2 2 __ <24^ 3.6 1. 3. 1.

Total Uranlum 0.29 0.03 1 . 1 0.1 0.4 0.04 0.3 0.03 0.3 0. 0.24 0.0 0.29 0.

Gamma Scan

K(40) <128. <307 <101 <14 <249. <129.1 <232.4

Cr(51) <435.0 1 <477.1 <315.7 <415. 8 <495. <467. <546.3

Co(60) <17.94 <14.1 <15.51 <17. 44.7 17 <23.3 <19.47

Zn(65) <30.79 <37.28 <19. <26.01 <41.25 <21. <32fi

Cs(134) <11.5 <14.33 <9. 093 <12.56 <15.1 <16.01 <14.

86

Cs(137) <11. <14.44 <8. <11.7 <13. <12. <15.

06

Ra(226) <29.61 <25.1 <17.1 <25.1 <2&2 <39•4 <324

Th(228) <20.50 <20.80 <14. <20.3 <20 <20.7

9

< 22. 1

Th(232) <54.7 <58.27 <40.4 <47.7 <61.4

8

<66. <63.31

Sb (125) N/ N/ N N/ N/ 31.01 24.86 N/

0
0
m

r
t
^
N

N
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SRe IdentUlcation 092-3 092-3-fl 093-1 093-1-R 094-1 0941-1-R

Samplelvea 100N 100N 10oN 100N - 100N 10oN

Sample Type spring river spring river spring river

Discharge river/spring (cfs) 2.20E-0 9.08E+04 4.60E-03 9.DBE+04 2.20E-02 1.16E+0

Coordinates E (m) 571480 571480 571500 571500 571 571680

Coordinates N (m) 15017 15017 150185 150185 150465 150465

FOver Mile (nearest 0.1 mi.) 9. 2 9. 9. 9. 9. 9.

Date 10/18/91 10/18/91 10/ 18/91 10/18/91 10/17/91 10/17/91

TimeIntervad 12:12- 13:2 12;50 10:30-11: 30 10:41-11: _ 1005-1 1:45 10:30 -11:

OSMSampVeNo, 806KV8 BO8KWO BO6KW3 B06KW8 _ _BO6KWB B06KX0

Quality Control Sample

Concentration In pG/ 2u 2" 2a 20 2u 20

Gross Aipha 1 1 1 1 1

_

1 1 1 0 1

Gross Beta 7 1(J) 1 1(J) 2(J) 1(J 5 1(J) 2 1(J

H(3) 24300 12DO < 200 2 1 1 1000 <2DO

Sr(90) <0. (U) <0. (U) <0. (U) <0.4 0.2(U) <1 <1.0(U) 0. .8(J

Tc(99) 3. 1. < 6. < 5 1. 1.

Total Uranium 0.41 0.04 0 0.03 Q 0. 0.28 0.03 0.27 0.02 0. 0.025

Scan

K(40) <219. <121. <252. 111. 102.1 <278.5 <174.7

Cr(51) <434.1 <490. <502.1 <369.4 <476.1 <472.4_

Co(60) <13.1 <16.21 <20.4 <15.1 < 14.58 18.48

Zn(65) <26.37 <33.98 <33.01 <21.67 <31.09 <22.76

Cs(134) <12.2 <13.84 <16.4 <10.22 16.38 <15.9

Cs(137) 12.26 <11. <14. <9. <12.67 11.90

Ra(226) <21.62 <24.4 <29.22 <19.7 <25 22. 21

Th(228) <17. <20.43 <21.31 <16. <21.34 <20.

Th(232) <49.67 (J) <51.37 <63. <35.89 <58.11 <50.

Sb (125) N/ N/ N/ N/ N/ N/
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SIt• tdentlltcatlon 110-1 110-2-p 144-1 144-1-H 148-1 148-1-8
Sample Area 100D 1000 1001-I 10011 10014 10014
Sample Type spring river spring spring river spring river
Discharge river/spring (cfs) 1.50E 9.48E+04 1.20E 8.24E+04 nr 8.24E+04
Coord(nates E (m) 573480 573597 577080 577080 577265 577255

_

Coordinates N(m) 15237 15247 153770 15377 1 53660 1 53660
River Mile (nearest 0.1 mi,) 11. 11, 14.4 14. 14. 14.
Date 9/19/91 9/26/91

1

9/20/91 9/20/91 9/20/91 9/20/91
Timetnterval 1220-13: 10:55-11:15 9:15-71:1 10:30-11:1 11:48- 13: 12:55-13:20
OSM Sample No. Bo6KX3 BO6KX8 BO6KY7 9u8L43 B08L48 BO6L48
Quality Control Sample

Concentration in pCi/ 2u 20 2W 20 ^ 2a
GrossAfpha 1 0 7 1 1 1
GrossBeW 2(J) 1(J) 1 1(J) 2(J) 1(J)
H(3) 1 < 200 31 400(J) 300 200(J) 400(J) 400 200(J
Sr(90) 4. 0.3 __.<1 1 1 0.4 0.2(J) <0.1 (J) 0.6 0.2(J) 0.4 0.3(J
Tc(99) 0. .t(U) <1 4. 1.1 < 6 `3

--__<1 2

Total Uranium 0 0.03 0.33 0. 1 0.1 1 0.1 0.37 0.04 1.0 0.1 0.36 0. 01
Gamma Scan

K(40) <126.7 <11 <146. <128. <235. <1521 <239.9 __-
Cr(51) <5559 <61 4. <411.7 <275. ---<608. <581 <660. 1 _^^
Co(60) <10.9 < 16.42 <19.31 <8.43 <1 3. <21. <15.1 1 --
Zn(65) <34.45 <23.6 <30.38 <17.01 < 31.9 <37.08 <3 5 .77

_ _

Cs(134) <13. <14.11 14. 20 <7.9

_

<13.45

_

(UJ) <12

_ _

<15.1
Cs(137) <11. <12.91 <13.84 <7.522 (UJ) <13. <13.1 (UJ) <14.00 (UJ)
Ra(226) <23.51 <30. 25 <27.48 14.03 <23. <27.1 <26,27
Th(228) <23.46 (W) <20.06 <18.9 11.63 <21.00 <20.83 20.1 <21
Th(232) <47.87 <32. (J) 5B.31 <48. <60.
Sb (125) N/ N/ N/ N/ N/ N/
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O
V1

SlteldantMcatlon 145-2 148-2-R 160-1 160-1-R 153-1 153-1-R 187-1

SampleMea 1001-I 10011 1001-I 100H 1001-1 1 00H

- -

100F

-_-Sample Type spring river spring river spring river - -spring

Discharge river/spring (cfs) I.SOE-03 9.09E+ 3.00E-04 9.48E+04 4.7DE-03 8.75E+04 2.30E-03

Coordinates E (m) 577330 577330 57 577885 578235 57823 5WB20

Coordinates N (m) 153615 15361 1531 60 153160 152660 15 148275

Wver Mile (nearest 0.1 mi.) 14. 14. 15. 15. 15.3 15. 18.7

Date 9/25/91 9/25/91 9/26/91 9/26/91 10/21/91 10/21/91 9/27/91

Time hterval 11:22- 13:00 1100-13: 12:05-13:35 . 14:00-14:30 11:35-13:1 12.38-13:1 10:40- 12:01

OSM Sample No. 806L61 8g6L53 B06L66 BO6L58 B06L61 8g6L63 BOfiL66

Quality Control Sample

Concentration in pCl/ 20 20 20 20 20 20 20

Gross Alpha 1 1 1 1 1 1 1 1 1

Gross Beta
---- --' ---..- ---

1(J)
-- --

1(J)
- 3- -

1(J)
--

1(J)
--_

35. .. 3(J).^. ------
1(J)

'- ---.._.-
2(J)

H(3) 500(J) < 300 (J) 1100 300 <20
- . _

400 1 < 200 <400

Sr(90) 2(UJ) <1 (UJ) <1 < 12. 1.4 0. 0.2(J) 46 24

<3 2 1 <2 3. 1. 12 2 16 1A N/

Total Uraniom

Gamma Scan

1. 22 0. 22 0. 53 0. 05 0. 0.1 0.34 0.03 0.66 0.0 0. 0.03 2. 0.

K(40) <67.62 <226. 268. <138. <197. <157.1 <200.1

Cr(51) <210.9 <339.7 <640. <635. <385. <152.1 <513.9

Co(60) <10.19 <15.14 <16.6 <19.59 <12.57_ <10.8 <13.74

Zn(65) <15.4 30.30 <30. <31.1 <28.26 <20.03 <2&9

Cs(134) <6.664 14.25 17.40 <12.81 <12.2 <8.77 <12.01

Cs(137) <6.289 (W) <13.61 (W) <15.4 <11.7 <10.84 <& <11.74 _

Ra(226) <12.7 25.8 22 <26 <25.02 19.15 <17.1 <20.4

Th(228) 12.4 10.87 20-35 <34.7 <18.84 16.06 13.48 <18.5

Th(232) <27.64 <57.14 56,44 <53.84 <46.72 <38.77 <49.38

Sb (125) N/797 N/ N/ N/ N/ N/ N/
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co

SReldentHlcat{on 167-1-R 190-4 190-4-R 207-1 207-1-R 211-1 211-1-R

SampteArea 100F 100F 100F 1gOF 100F 100F 100F

Sample Type river spring river spring river spring river

Dlscharge river/spring (cts) 8.55E+04 1.20E-03 8.65E+ 04 220E 8.57E+04 nr 7.11E+04

Coordinates E (m) 581230 581230 582621

-

582621 562 582864

Coordinates N(m) 148275 14794 1479 14559 145597 1451 30 1451 30

River Mile (nearest0.1 ml.) 18.7 19. i 19. 20.7 20.7 21.1 21 .1

Date 9/27/91 9/27/91 ` 9/27/91 9/30/91 9/30/91 9/29/91 9/29/9 1

TlmeEntervat 12:20-12:37 8:00-9:3 9:50-10:1 9:10•11:1 12: 20 8:35-10:17 11:30-12: 02

OSM Sample No. BO6L68 B06L71 Bg6L73 BOBL76 BOSL78 606L81 13g8L65

Quality Control Sample

Concentration in pCi/ 20 20 79 zo 29 20 2u

Gnus Mpha 1 1 1 6 1 1 1 0 1 1 1 0 1

GrossBeta 1 1(J) 1(J) 1 1(J) 4 1(J) 1 1(J) 5 1(J) _ 1 _ 1 (J)

H(3) < 2DO < < 1 swo 110 130 <200 <30

--Sr(90) <1 2.5 0.4 <2 0.24 0.07 0. <1 < 1

Tc (99)

Total Uranium

^

N/
0.37

-
0.04

-- N/
0.3 1 0.03

N/
0.32 0.03 1.9 0.07

---

0.41

--

0.0 1 2.

------

0.

--

Ni.
0.4 0.0

GammaScan -

K(40) <147. <240. <131. 1 29 < 11 8. <196. <1 15 .

---Cr(51) <646.7 <723. <fi28.4 <4027 <4354 <519. <61 4.

Co(60) <19.09 <15.1 <14.61 <12.6 <20.07 <12.64 <19.4

Zn(65) <24.2 30. 30 <28 ,50 <31.84 <322 <26.41 <28.05

Cs(134) <11.9 14.95 13. 46 14. 43 <15. 1 13. 68 <121

Cs(137) <10.8 15.35 <10.9 <11. <10.87 <12.4 11.39

Ra(226) <22.7 <27.26 <21.32 <24.98 23.55 18.91 <20.37 <23.7

Th(228) 24.58 <21.22 <18. 22 <39.3 (l1J) <23. (W) 16. 93 <20.

Th(232) <5174 <68. <45.9 <51.05 <40.9 <48.65 1. 26

_

Sb (125) N/ N/ N/ N/ N/

0
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0
r
^

Site Iden00eat1on 211-1 211-1-R 213-1 213-1-R 216-1 216-1-R 241-1-R
Sample Area 100F 1o0F 100F 100F 1 00F 10gF HAN
SampleType sprin g river spring river spring

_

dver

_

river
Discharge river/sprin g (c(s) t.80E 7.11E+04 2.30E-03 7.00E+0 -- nr ^^--_7.OD E +04 -_-^

_

9.51E+
Coordinates E (m) 582864 582684 _ _ 582962 -_- -----582962 • 583132 583 13 58498
Coordinates N(m)_ M130 145130 14481 144813 ' 144317 144317 1
Pover_Mile (nearest 0.1 mi.)__..____.______
Date

21 .1

9/29/91

21.1

9/29/91

21.

9/28/91

21.

9/28/91

21.

9/28/91

21.

9/28/91

24.1

10/2/9 1
Timelnterval 101.20-11:1 12:11-12:4 10:56-12:1 12:37-12:58 10:06 10:10-10: 16:07-16:3
OSM Sample No. Bg6L83 BOBL87 B06L91 806L93 806L96 8061_98 5061J5
Quality Control Sample Dup. B06L81 Dup. BD6L85

_

Concentration in pCI/I 2u 20 20 20 20 2c
Gross Npha 2 0 1 1 1 2 2 1 1
Gross Beta 5 1(J) 1(J) 2(J) 1

_

1(J) ---- 3 1(J) 1 1(J)

H(3) < 200 -46 126 <300 <200
__

<200 < 200 <27
S090) <1 0.1 0. 4 <1 <1 <40 <1
Tc(99)

Total Uranium
-

N/
2.4

- -

---
0.2

-

--- --
0.3

- --

-
0.01

- -

N/
1.

--

--
0.2

-

---- NI
0.31

- -
0.0

N/
1.

---
0.1

N/
0.37 0.04

N/

0.4
Gamma Scan
-'-- ----, -
K(40)

Cr(51)

< 238.9

<682.1

<143.8

<4781

<269.1

<731.

- --

<118.7

<558.

-- - -

< 249.3

<728.

- ---

<140 .5

<591.

- -- -- -
..-

<91.41

<532.1
Co(60)

--

<14.6 <19.85 <1 7.1 <17.85 17.138 <16.9 <17 .
Zn (65) _, _--- <32.64

--

<34.62

--- ^ -- - -

31.60

^

< 23 . 37 35.66 <25.78 < 26

_

Cs(134) <16.57 <13.9 17.29 - -- <12.4 <16.2 <12.27 <13.
Cs(137) <13.9 12.99 <14.77 <10.71 - _--<13.7 <1251 -_ -<14.1
Ra(226) <26.01 <21.03 ' <25.7 <20.5 -_ - <24.7 <25. 83 35.71
Th(228) <21.33 21 .20 ---(UJ) <22.7 <19 . 6 1

_ _

< 21 .9 _--<0.3
Th(232) <61. <52.14 <fi3,15 <44.70 <60.57 -- -<47.61 <44.1
Sb (125) N/

0
0
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r
r
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O

O

SReIdentHkatlon 241-1 241-1 241-1-R 247-1 247-1-R

Sample Area I1AN HAN HAN HAN _ _ _ HAN __

Sample Type spring spring river _ spring river

Discharge river/spring (cfs) 3.30E-0 3.30E-0 9.51E+04 4.70E-03 9.51E+04

Coordinates E (m)

Coordinates N (m)

684986

140838

5850 59

14077

58 5059

1 40777

585729

1 40070

585729

14007

River Mile (nearest 0.1 mi. ) 24. 1 24.1 24.1 243 24.7

Date 10/2/9 1 10/2/91 10/2/91 10/2/91 10/2/91

Time Interval

OSM Sample No.

13:10 - 15:05

B06L81

15:10 - 15:

B081-13

15:35 -16: 00

8061.J7

_ -

9:25 - 11:37

B06LK1

^--

12:09 -12:31

B06LK3

-Quality Control Sample Dup. B06LB7 Dup. BO6W5 _ -, __

-- - - -- -- ---- --- -- - --
Concentration in pG/ 20

--- -----
20 20 20 20 _ 20

GrossNpha 1 1 1 1 1 7 0 1 0 1

Gross Beta

H(3)

Sr(90)

1(J) 4

<24

<0.3

2(J) 6

< 1 90

<.04

2(J)

<17

_0.

1(J)

0.2
---

3

<260

<.4
---

1(J)

--

2

<170

<0

_

8

1(J

_

Tc(99)
N/ - N/ N/ =N/

- -- N/
Total Uranium

Gamma Scan

0.05 1.69 0.1

-

1.61 0.15

--

0.6 0.07 0.26 0.0 0.3 0.0

K(40) <215.5 <268.2 <212. <207.2 <111.7

Cr(51)

Co(60)

<511.4

<1 5.60

• <543.

16. 66

<468.1

12.69

<458.

._-<14.00 _,-

<463.

<16.9_________

Zn(65) < 32 . 5 1 <38.87 28. 65 <28.30 <24.72

Cs ( 134) <1 5 .65 <15. 29 <11 .9 1 _-<14. -_ <11.5

Cs(137) <1 4.03 <14.4 <13 13 .26. <10 .00

Ra(226) 25.59 <25.77 25. 25 <23.2 -- - - <25.1 --- <24.

Th(228) <20.47 <221 &20 19. 80 <19.2

Th (232) 64.82 <59. 99

-

<49.00

---_

<51.49
-_ --

<51.
-- -

Sb (125) N/ N/ N/
W/ N/

0
0
m

r
r
-
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APPENDIX E

CHEMICAL AND RADIOLOGICAL ANALYSES OF SEDIMENTS.
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APPENDIX E
EXPLANATION OF TERMS

Site Identification: Identifies the specific sample site. The first three
digits, e.g., 037, identify the location using the
Hanford River Mile (HRM) system. A location at 037 is
at HRM 3.7 miles. The next digit 037-1 identifies
sites in an upstream to downstream order at that river
mile. The letter R indicates a river sample location,
e.g., 037-1-R. The letter S denotes a sediment sample
location, e.g., 037-1-S.

Sample Area: This identifier denotes the specific reactor area or
general position of the associated sample.

Sample Type: All samples are sediments

6.^ Coordinates E (m)
Coordinates N (m): Identifies the location of the sample location

according to the NAD 1983 Washington State South Zone
Coordinates in Meters.

River Mile (nearest 0.1 mi.): Identifies the approximate Hanford River Mile.
Hanford River Mile 0.0 is at the Vernita Bridge.
Measurements are scaled from the 1:2000 maps of the
Hanford Site.

Date: Day on which the specific sample was collected.

OSM Sample No.: The sample tracking number assigned to a specific set
of samples. Each spring/sediment sample had a single

_ number. All numbers were supplied by Westinghouse
Hanford OSM.

C`3
nr: Data not recorded in the field.

CIS
Q (Qualifier): Qualifier codes were supplied through the data

validation process:
U - none detected; numerical value is sample
quantitation limit
J - estimated value (less than quantitation limit)
B- analyte found in associated blank as well as in
sample
E - concentration exceeds calibration range
Q - not analyzed
D- compound identified at secondary dilution factor
N - Presumptive evidence of presence of material
NJ - Presumptive evidence of presence of material at
estimated quantity
UJ - not detected; quantitation limit is estimated
R data unusable; compound may/may not be present
<blank> - positive
DIL/C - diluted out

E-2
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Data qualifiers for radiological analyses are
statistical evaluations of counting errors and are
provided as plus or minus two times the standard
deviation (sigma).
N/A - not analyzed
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Appendix E. Chemical and Radiological Analyses of Sediments.

!"S

M

4.TA

R,"av

N

CS`

Site Identtllcatlon 037-1-S I 038-3-S 1 039-2-s I 057-3-S I 077-1-6
Samplelvea 100B I 100B 1008 1 100K 100K
Coordinates E(m) 5645401 5646751 5649401 5675851 5696801
Coordinates N(m 145275 145275I 1453501 1462101 1480701
River Mile (nearest 0.1 mi.) 3. 3.81 3.91 5.71 7.71

Date 9 18 91 9/ 17/911 9 19 911 9 25 911 10 16 911
OSM Sample No. B06KR7 1 0 BO6KSO I p B06K53 I O B06KS8 I 0 BO6KT3 I 0
Quality Control Sample ! I

Aluminum (mg k 61801 60601 55101 J 60301 53901
Mtimony (mg k 22. UJ 141 UJ 1.91 U 11.61 UJ I 11.91 UJ
Barium (mg/kg) 61. B 52.11 B 51.81 1021 J 59.51
Berylium (mg/kg) 0.47I U 0.281 U ^ 0.231 U. 0.361 B 0.251 U
Cadmium (mg/ kg) 1.41 U I 0.851 U 0.231 UJ 0.741 U 0.761 U
Calcium mg k 378d 25501 31201 35001 J 30901
Chromium (mg/kg) 52.11 J 51.71 J 35.61 29.31 J 39.61
Cobalt (mg k) 6.81 J 5.41 J 5.11 B 7.11 8 6.51 B
Copper (m k) 18.2 15.81 11.81 19.11 17.51 J
Iron (m9 k) i 17700 115001 1490(001 215001 J 144001
Magnesium (mg k) I 35301 34201 3270 29401 33101
Manganese (mg/ kg) --• 154I 1351 2521 JI 335 J 2381 J
Nickel (mg /kg) 12.1 1 B 12.51 9.81 13. ill
Potassium (m k 11 B 10501 B I 7321 B 7071 B I 6701 B
Silver (m k 1.9 1 U 7.1 U 0.4 U 0.981 U tl U
Sodium (mg/kg) 786 1 J 1171 J I 13 B 240 J 1521 J
Vanadium (mg/kg) 26.71 23.21 i 26. J 37. 29.61
Zme (m k) 2CO 79.61 99S 2 J 1731 J

I j

70 2c

fr

2v I 70

Grosa Npha 41 4. 11 41 ) 8 31 _ 91
Gross Beta 151 3 201 31 101 21 721 21 22
Sr(90) 0.3 0.1 0.41 0.2 J) 0.191 0.78 1 0. 0.1(J)I 0.610.3 (J)
To(99) N IA^ N N I NIAJ N /Al
Gamma Scan

K(40) 13.911 0.661 13.0 0.531 12.451 1.011 11.441 0.431 14.181 0.
Cr(51 <1. <1.1291 <25.461 <86.091 <0.6841
Mn(54) N N AI I N N AI
Co(60) <0. <0.0261 <.0671 <0.0 0.04210.021
71l(65) <0.0931 <0.0671 <.2 <0.0531 <0.0651
Sb(124) N N I NA N N
Cs(134) <0.040 <0.0271 <.0761 <0.0241 <0.0291
Cs(13 0.146 0,03(J) 0.03310.014 J <.06311 0.14810.015(J I 0.2141 0.0
Ce 141) N N /Al I N N Al
Eu 152) N N N 0.12610.
Eu (154) N N N N
Eu(155 ) N N N I 0.0501 0.
Ra(226) 0.77 0.0671 0.4461 0.0411 0.71 0.107I 0.72 0.0461 0.8171 0.
Th(228) 1.024 0.04(J) 0.77610.031(J)I 1.8131 0.121 0.7911 0.0271 0.9331 0.0
Th(232) 0.955 0.1431 0.6731 0.0881 1.2881 02471 0.7761 0.0911 1.05110.
U(235 N N/AI I N N Al
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Appendix E. Chemical and Radiological Analyses of Sediments.

^

^

..^

C3

0`

Site Identitlcatlon I 082-2-S I 090-1-S I 092-2-S I 092-3-S I 093-1-S

SampleArea 100K I 100N 1 • t00N - 100N i 100N I
Coordinates E (m) 5704151 5713001 5714651 5714801 5715001
Coordinates N (m) 1487801 1499201 1501501 1501701 1501851
F3ver Mile (nearest 0.1 mi.) 8. 9.01 9.21 9.21 9.31
Date 10 18 91 10 15 911 10 15/911 10 18 911

10/18/911OSM Sample No. B06KT8 0 I B06KV2 I 0 806KV7 I 0 I 806KW2 0 806KW7 0
Quality Control Sample

Aluminum (mg/ kg) 5970 480d

T
5870I 6910 4850I

Antimony m kg 9.21 UJ . J 2.91 UJ 1 10. UJ I 10.91 UJ
Barium (mg /kg) 79.51 54.21 57.11 111 81.71
Be lum (mg k 0.21 U^ 0.241 e! 0.211 U 0.231 U I 0.231 -U
Cadmium (mg/ kg ) 0.591 U 0.221 U I 0.51 B 0.71 U I 0.91 B
Calcium m k 29801 31601 27101 33001 36801
Chromium (mg/kg ) 34.91 10.31 Ji 13.41 J 14.51 9.11
Cobalt (m k 6.11 B 1 7.31 B I 6.81 B 8.21 B^ 8.91 B
Co per m kg) 17.91 J I 16.71 J 13.11 J 181 J 17.41 J
Iran (mg/kg) 142001 154001 145W1 183001 164001
Magnesium (m k) 34101 32701 31101 39601 31301
Man anese (mg kg) 4931 J I 2391 J 3601 J• 48 J 5781 J
Nickel (mg/kg) 131 9.1 1 121 16.21 11
Potassium (m k 6971 8 65 J 5861 J I 811 1 B 551 B
Silver m kg I 0.78 U 1.11 U I 11 U: 0.931 U 0.9 U
Sodium (mg kg) 131 J 1371 J 1371 J 1 1 J 19 J
Vanadium (m k) 32.8 35.21 31.81 44.5 38.4
Z1nc (m k 80. J 77. 41 99. J 168 J

I
w I vi v v

GrossNpha 51 81 51 16 61 11 1
Gross Beta 2 31 3171 81 511 31 301 31 19 1
Sr(90) <0. (U) 2071 421 24.51 2.31 <0,61 MI <0.4 1 (U
Tc(99) N NAl NA NAI ' N
Gamma Scan •
K 40) 14.581 0.511 121 0.51 12.671 0.481 14.05 1 0.52 1 12.61 0.4
Cr51 <0.7411 <1.3211

1
<1.1561 <0.833 <0.75

Mn(54) N a N N AI N N
Co (60) 0.036 0.0271 2.7571 0.0791 4.9731 0.0921 1.061 0.00 0.821 0.043
Zn(65) <0.071 <0.1051 <0.1371 <0.0 <0.085
Sb 124) N 1 1.2381 0.0861 0.6451 0.0741 N 0.075 1 0.0
Ca 134 <0.0341 <0.0441 <0.0501 <0.036 <0.034
Ca(137 0.18 0.0281 0.104 0.041 0.1471 0.0381 0.077 0.025 1 0.31 0.02
C. ( 141 ) NIAJ ' N N N N
Eu(152) 0.1001 0.0481 N 0.1141 0.0721 N 0.235 0.03
Eu(154) N I N N N N
Eu 155 0.0 0.0471 N N N
na(226) 7.01 0.0581 0.796 0.56 0.7 0.0721 0.903 0.053 1 0.91 0.04
Th(228) 1.5161 0.0351 0. 0.0421 0.9381 0.0351 1.225 0.0371 0.844 0.0
Th (232) 1.4191 0.1131 0.73910.1701 0.88610.2111 1.1 0.140 1 0.87 0.1

U (235) N AI N/Al N/ 0.108 1 0.083 N
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Appendix E. Chemical and Radiological Analyses of Sediments.

^

r^
:r

^RE

^

Slte IdentMqtlon 094-1-S i 110-1-S I 110-2-SI 144-1-51 145-1-S I
Sample Area 1OON ^ 1000 I 1000 1 100H ^ 100H I
Coordinates E m) 5716801 57348q . 5735971 5770801 5772551
Coordinates N (m 1504651 1523751 1524701 1537701 1536601
River Mile (nearest 0.1 mi.) 9.41 11. 11.01 14.41 14.
Data 10 17 911 9 19 91 9 26 91 9/20/911 9 20 911
OSM Sample No. 806KX2 I 0 806KK5 0 BO6KYO I 0 I B06L45 I 0 B061.5o I 0
OualityControlSample

Aluminum (mg/kg ) 55901 60901 J 63101 63601 I 54101
Antimony (mg/kg) 101 UJ U I 7.1 UJ i 1241 J 1 J
Barium m k 61.31 61.9 80.31 60.71 45.41 B
Berylium m k 0.211 U I 0.251 U 0.251 U 0.251 U 0.261 U
Cadmium m k 0.641 U I 0.251 UJ 1.91 0.761 U 0.771 U
Calcium (m k 29101 52201 38401 U 36601 56601
Chromium (mg/kg) 10.91 30.11 1221 19.71 1071
Cobalt (mg kg) 7.31 B I 6.11 B I 7.61 B 8.41 B 7.31 B
Cop er (mg k 17.31 J I 111 17.81 29.51 J 24.61 J
Iran (mg/kg ) 152001 142001 1710001 151001 170001
Magnesium (mg/kg) 28701 33501 37701 39001 32801
Man anese (m k 3761 J 3151 J I 4251 2961 2531
Nickel m k 1 L2J 9.31 10.51 9.21 B 11.4f
Potassium m k) 6711 B 5621 U I 7741 B 7841 B I 6261 B
Silver (mg/kg ) 0.851 U 0.51 B I 1.11 U I it U 1 U
Sodium (m kg) 1501 J 1491 U 1921 B 2231 B 21 B
Vanadium (mg /kg) 38.51 28. J 34.91 28.51 26.1
Znc (m9 kg) 7421 J 911 U 7951 2171 2041

I f
70 20 90 ^ 70 70

GrossAi ha ' 101 5 4(R) 3.00001 71 4 6
Gross Beta 181 1 3 18 2.0000) 181 3I 2.2
Sr(90) <0.61 (U) -0.04 0.2 <0. 0.31 0.2(J) 0.2 0.1(J
Tc(99) N AJ 0. 0.6 I <0.31 ' 0.21 0.1(R) 0. 0.1
Gamma Scan - • I I
K(40) 11.941 0.51 10.681 0.79 10.62! 0.500 I 12.181 0.461 13.3 0. 46
Cr(51) <0.8781 <19.481 <1.3451 <1.1181 <1.107 1
Mn (54) N N I N/AI N N
Co(60) 1.3891 0.0561 0.290 0.0621 0.1101 0.027 0.1771 0.031 0.0371 0.01
Zn(65) <0.0831 1 <.1811 <.0711 <0.0661 I <0.0591
Sb(124 ) 0.06210.0571 N/A N
Cs(134) <0.0351 <.05 <. I <0.0281 <0.028
Cs(137) 0.15610.0301 0.2211 0.0451 0.2701 0.033 I 0.24910.028(J) 0.18 0.017(J
Ce(141) N I _ t NAI N/Aj
Eu(152) 0.102 0.0391 0.2661 0.047 I N /A N
Eu(154) N AI I N fJ N
Eu ( 155) N N N N
Ra(226) 0.70110.0591 0.421 0.0891 0.6031 0.055 0.6561 0.04 0.7621 0.04
Th(228 0.75310.0331 0. 0.097 0.735 1 0.034 I 0.822 0.030 1 1.15bl 0.03
Th 232) 0.7351 0.1321 O.LS^ 0.193 0. 6961 0.116 1 0.7831 0.09 1.070 0.10
U (235 ) N /A N/A1 N A
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Appendix E. Chemical and Radiological Analyses of Sediments.

C`4

{'^«

%0

CI4

0%

slta Identlflutbe • 14s-2-s I 75o-t-s 153-1-S f 187-1-SI 190-4-s I

SampleMea t00H i 100H 100H 100F I 100F I

Coordinates E (m) 577331N I 5778851 5782351 5808201 5812301

Coordinates N (m) 1536151 153160 1526601 14827 1479401
PWer Mile (nearest 0.1 mi. 14.51 15. 15.31 18.71 19.01

Date 9 25 911 I 9/26 91 10 21 971 9 27 97 9 27 91

OSM Sample No. BO6L66 0 I BO6L60 I 0 I B08L65 I 0 1 806L70 1 a! B06L75 1 0

Quali Control Sam te !

Aluminum m k 91501 6 57001 54601 61201

Mtimon mg k 161 UJ 12. UJ
1.2

UJ 11.21 UJ I 11.11 UJ

Barium (mg k 76.51 J 53.5 J 1 11 49.91 J 67.91 J

Be ium (mg k 0.631 B 0.3 B 0.241 U 0.261 U 0.431 B

Cadmium (mg/ kg ) V U 0.81 1 U I 0.72 U I 0.721 U 0.711 U

Calcium (mg kg 4810 J 36901 1 34601 33001 J 27701 J

Chromium (m k 45.61 J 23. 91 J 47.31 J 101 J 20.71 J

Cobalt mg k 8.41 B 6.31 B I 8.11 B I 6.11 B 5.91 B

Copper (mg/kg) 1 31.61 23.41 24.91 20.11 16.41

Iron (mg/kg) 182001 J ^ 135001 J 1 164001 J 1 137001 J 131001 J

Ma nesium (mg/kg) 48901 1 387 36801 I 36401 37601

Manganese (m k) 4571 J 1 1 80 J 2851 2831 J 1 2361 J
Nickel (mg/k g ) I 17.41 11. 11. 1 i 11.81

Potaseium (mg k 11601 B I 83 B 5691 B 6481 B I 5541 B

Siiver (m k) 1.41 U I 1.1 U 0.961 U I 0.96I U I 0.941 U

Sodium m k 3111 J 2 J 1691 J 1 861 1 13 J

Vanadium (mg /kg) 40.81 28. 37.51 31 I 30.

Znc (m k) 3641 J 22 J 1741 1091 J

2
91 J

I

1
^ ^ Iw zo 1 I ^

Gross Alpha 611 4 71 31 81 51 81 5I 81

Gross Beta -131 21 2 21 191 21-- 201 31 201

Sr(90 ) <0.31 (UJ)I < 0.910.3(J)I <11 201 1

Tc(99) 0.41 0.1(J)I <0.2 1 0.231 0.091 N/AI N A

Gamma Scan
K(40 ) I 13.651 0.481 15.1 0.631 12.281 0.491 13.851 0.461 12.611 0.5

G(51) <1.1651 <1.4 <0.7021 <0.9771 <1.2671

Mn(54) i N I N N I N N A1
Co(60) 0.1841 o.D301 0.04 0.0331 0.06910.0201 0.0951 0.0241 0.036
Zn(65) ^ <0.0841 <0.088 1 <0.0661 I <0.0611 <0.0941
Sb124) I NN N NN NN NN

Cs(134 ' <0.0441 0.034 <0.030 I 0.0241 <0.0371

Ca 137) I 0.52010.036(J 0.16 0.0331 0.1681 0.0301 0.1501 0.0241 0.1861 0.029
Ce ( 141) N/Al N N N ' N N
Eu(152) 0.6361 0.0491 N 0.21210.0441 0.7581 0.05
Eu 154) 0.0931 0.064) N N N I 0.1 641 0.07
Eu 155 i 0.07d 0.0481 0.084 0.0581 0.0581 0.0481 0.3261 0.0351 0.0661 0.0
Ra(226 ) 0.7691 0.0511 0.743 0.0631 0.78410.0061 0.5521 0.0471 0.75910.05
Th(228) 1.0921 0.0321 0.92 0.0351 1.15810.0351 0.7481 0.0271 1.23810.

Th(232) 1.1231 0.1021 0.9 0.1171 1.1g81 1.1061 0.67d 0.0871 1.2281 0.12

U (235) 0.0841 0.0721 N N Al N AJ N A
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Appendix E. Chemical and Radiological Analyses of Sediments.

P^..

.^

^

ON

SnaIdeMfneatlon
Sample Area

207-1-s
t00F

211-1-s1
100F ^

211-1-s
100F

213-1-SI
100F I

216-1-s
100F

I

Coordinates E (m)
Coordinates N (m )

582621
1455971

5828641
1451301

5828641
1451301

5829621
1448131

583132
144317 1

River Mile (nearest 0.1 mi.)

Date

20,704

9/30/91 1

21.11

929911

21.11

929911

21.31

928911

21.6

9/28 /91

1

1
OSM Sample No. B06L80 0 BOel89 I ^ 806(90 0 BOBL95 I 0 B06L8o 0
Quality Cantrol Sample ^ Dup. BO6L891

Aluminum (mg k) 5 69201 67901 66301 5240
M6mony (mg/kg) 6.9 1 U 13.61 UJ 12.8 1 UJ I 11.61 UJ 4. J
Barium (m k 50. 65.51 J 661 J I 53.41 J 65.1
BerylWm (mg/kg ) 0.351 B 0.531 8 0.3 1 B I 0.251 U 0.23 1 U
Cadmium (m k) 1.81 0.871 U 0.821 U I 0.741 U 0.99 1 U
Calcium (mg k) 4180 1 40301 J 53201 J 42301 J 10000 1
Chromium (mg k) 12.8 1 201 J 17.41 J 17.11 J 10.2 1
Cobalt (mg/kg) 11 B 7.11 B ( 6.91 B i 8.21 B 7.5 B
Copper (mg/kg )
Iran (mg /kg)

19.
252000 1

211
165001 J

20.91
161001 J

19.81
188001 J

15.1
16200

1 J
1

Ma nesium (m k) 4530 1 43201 408q 43701 3690 1
Man anese (mg/kg) 2171 J 2011 J; 2761 J 1 308 J
NIckel(m9 k 11 12.61 12. 21 1 10.
Potessium m kg) 622 1 B 9511 B 9771 B I 8471 B 641 B
Silver (m k 1.1 U 1.21 U 1.11 U 0.991 U 1.1 U
Sodium (m k 21 9 1 B 2291 J 24 J 2371 J 225 J
Vanadium m k) 70. 81 33.91 32 46. 40.
anc (m k 98.71 2521 J 2441 J 1 601 J 1 48

20 20 2e 20 20
GrossNpha 21 4 (R), y 41 6 41 141 5
Gross Beta 1 21 2 231 31 231 3I 241 2 31
Sr (90) -0. 21 2 <401 <0.1 <0.4) <0.1
Tc(99) 0. 21 0.1 N N N N N N N
Gamma Scan i I i
K(40) 7.9 0.77 14. 0.581 15.61 0.621 13.41 0.531 13.451 0.4
Cr(51) 16. 071 <1.5141 <1.376I <1.4341 <1.3471
Mn (54)
Co 60 0. 0591 0.041

N
0.0631 0. 0331

N
0.0751 0.0431

N
0.08fN 0.024

N/Al
0.2501 0. 034

Zn (65) 1 941 <0.0831 <0.1001 <0.0741 <0.0891
Sb (124) N AI 0.115 0.1091 N LAI NIAJ
Cs(134)
Cs(137)

<.061

0.1 67 0.0511
<0.0381
0.4391 0. 0381

<0.0501
0.4871

^
0.031N

<0.0351
0.2591 0.033

0.0341
00. 590 0.02

Ce 141)
Eu(152)

N

0.0561
N IAJ

0.27510.0591
N

0.28910.03
N

0.737 0.051
Eu 154
Eu (155)
Ra(226)
Th(128
Th (232)

0.54
0.92
0.7

0.099
0.092
0.2081

N
0.0761 0.0
0.80310.0491
1.1811 0.0421
1.0731 0.1501

N I
N

0.80 0.0701
1.12 0.0391
1.1101 0.1281

N
N

0.8271 0.05
1.5 0.043
1.4971 0.111

0.
0.
0.
1.510
1.5631

0.07
0.0
0.05
0.03
0.12

U (235) N/P! N/ N A1 N/
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Appendix E. Chemical and Radiological Analyses of Sediments.

*S^

KV

4^

Site tdentmca0on 241-1-S 241-1-S ; 2Q-1-S I
Sam le Area HAN I HAN HAN !
Coordinates E m 5849861 I 5850591 5857291

Coordinates N (m) 1408381 1407771 1400701

River Mile neareat 0.1 mi.) I 24.11 24.1 24.71

Date 102911 10/2/91 102911
OSM Sample No. BOBW9 O B061K0 O B08LK5 0
OualityControlSam le Dup.806W9

Aluminum m k) 93501 9 _ 64101
Antimony (m k 6.91 UJ 6. 71 UJ I 9 J
Badum (mg/kg) 87! B 98.81 74.2!

Be ium (mg/kg ) 0.49! ' U 0.481 U 0.241 U
Cadmlum (mg/ kg ) 2.71 1 1.91 B! 0.791 U
Calcium (mg/kg) 50601 51401 42001
Chromium (mg/kg) 22.11 21.91 12.11
Cobalt (m k 10.21 8 11.51 B I 8.31 B
Copper (m k 291 J 261 J 14.31 J
Iron (mg/kg) 246001 304001 192001

Magnesium (m k 46501 46 390d
Mengeneae m k 3731 J 3381 J! 3731 J
Nickel (mg/kg ) 19.71 19. 12.21
Potassium (mg/kg) 13001 B 11 B 715I B
Silver (m k 2.51 U 2.41 U 1.21 U
Sodium (m k) I 293I J 27 J 1481 J

Vanadium (m kg 701 82. 46.71
Zlnc (m kg i 3331 291 1631

20 70 ^ 2c

Grosa Alpha 121 5 8 5 1 121
Groas Beta 21 1 20 3 1 251
Sr(90) < < I <0.11
Tc 99 N AI N N P!
Gamma Scan
K(40 ) 12.1 0. 12.73 0.6 1 11.461 0.5
Cr 51) < 1.44M < 1.481 < 1.2731
Mn 54 0.026! 0.021 N N N
Co 60) I 0. 0.033 0.071 0.033 1 0.2201 0.03
Zn 65 <0.08q <0.1 <0.0921

Sb 124 N N N
Ca 134 <0.0601 <0. <0.0451

Ca 137 0.257I 0.02 0.344 0.040 0.4771 0.029
Ce(141) N 0.151 0.1 N
Eu 152 0.3 0.060 1 0.34 0.070 0.75510.00
Eu (154) N N N
Eu(155) 0.08 0.07 N N
na(226 1.2731 0.073 1.1 84 0.076 1.1081 0.07
Th(228) 1.9131 0.050 1.760 0.0481 1.18510.04
Th (232) ' 1.7081 0.143 1.64 0.165 1 1.1851 0.14

U (235 ) N AI 0.1069 1 0.871 N AI
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APPENDIX F

SHORELINE SAMPLING LOCATIONS AND SAMPLE NUMBERS
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Location Identifiers

Shoreline sampling locations are identified using the Hanford River Mile
(HRM) system. The first number group in the sample location identifier
indicates the Hanford river mile to the nearest tenth, multiplied by ten. The
second number group indicates multiple, closely-spaced seep locations. For
example, 037-1 and 037-2 indicate two seeps located at approximately HRM 3.7.
Numerous seeps sampled during previous investigations are not included in this
table; hence the second number group is not always sequential. The final
suffix indicates sample type, if other than a water sample from riverbank
seepage.

Hanford River Miles

Hanford River Miles are measured along the south shoreline of the
Columbia River, starting at Vernita Bridge and proceeding downstream (see
Figure 1). HRM's were scaled on USGS 7 1/2-min quadrangle maps, and generally
follow the shoreline as shown on the maps. Where sloughs and peninsulas
complicate the scaling process (e.g. immediately south of 100-F and 100-H
areas), scaling ignores the islands and peninsulas, and follows the main
channel bank as indicated by topography. The HRM associated with samples
collected for this study were revised slightly from the initial scaling done

^ during field activities.

Permanent milepost markers are present along the south shoreline of the
river, although not for each mile. The locations of these mileposts do not
exactly match the scaling system described above, especially at HRM 6, but

«;= they are close enough for field identification purposes. For this project,
the discrepancy at HRM 6 has been equally split between mileposts HRM 5 and
HRM 7.

Efforts are in progress to establish a more formal and reproducible
reference system for identifying seep locations. Part.of that effort involves

^ attempting to determine the actual seeps sampled during previous field
investigations, so that comparisons between historical data and Fall 1991
sampling results can be made. Locations during former seep sampling

ON activities were identified only by their position relative to the HRM system,
and the scaling used is not consistent among the various reports.

Sample Numbers

A sample number is assigned to each individual sample that is submitted
for analysis. These sample numbers are used in the Hanford Environmental
Information System (HEIS) to keep track of all analytical data. A unique
number is assigned to each sample, including a separate number for filtered
water samples, unfiltered water samples, river samples, and bank seepage
samples, and sediment samples.

The original sample number assignments contained ambiguities with regard
to filtered versus unfiltered samples, and to water versus sediment samples.
An interim sample number was created to temporarily accommodate the
ambiguities during preparation of the report. A final, revised sample number
was subsequently assigned, and all references to sample numbers in the report
reflect the final revised number assignments.

F-2
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Shoreline Samalina Locations and Sample Numbers Conversion Table

A table showing the evolution of shoreline sampling locations for
riverbank seepage, nearshore river water, and sediments associated with bank
seepage is included in this Appendix.
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SHORELINE SAMPLING LOCATIONS AND SAMPLE NUMBERS

<.y.

(4+

04

01%

Location Location Revised OriginaL Interim Revised Sample

ID (Orig)
..........

ID (Rev)
..........

HRM
.......

SampLe No.
..........

Sample No.
...... .

Sample No. Type

037-1 037-1 3.67 B01579

. ..

B01579

..........

306KR3

.........

Seep

037-1 037-1 3.67 801579-f 801579-f B06KR4 Seep

037-1-R 037-1-R 3.67 801580 801580 806KR5 River

037-1-R 037-1-R 3.67 601580-f 801580-f 806KR6 River

037-1-S 037-1-s 3.67 B01579 B01579S 8061CR7 Sediment

038-3 038-3 3.76 B01578 801578 806KR8 Seep

038-3 038-3 3.76 801578-f B01578-f 806KR9 Seep

038-3-S 038-3-S 3.76 B01578 8015785 8061(50 Sediment

039-2 039-2 3.92 801583 B01583 806KS1 Seep

039-2 039-2 3.92 801583-f 801583-f 806KS2 Seep

039-2-S 039-2-S 3.92 B01583 801583S 8061(53 Sediment

056-3 057-3 5.70 B01589 B01589 8061(54 Seep

056-3 057-3 5.70 •801589-f 801589-f 8061(55 Seep

056-3-R 057-3-R 5.70 801590 801590 806K56 River

056-3-R 057-3-R 5.70 801590-f 801590-f e061(57 River

056-3-S 057-3-S 5.70 801589 801589S 806KS8 Sediment

074-1 077-1 7.65 8015D2 801502 8061(59 Seep

074-1 077-1 7.65 801502-f 8015D2-f 3061(10 Seep

074-1-R 077-1-R 7.65 30150 80150 e061(11 River

074-1-R 077-1-R 7.65 801503-f 80150-f 8061(12 River

074-1-S 077-1-S 7.65 801502 8015025 8061(13 Sediment

080-2 082-2 8.25 8015F2 8015F2 806KT4 Seep

080-2 082-2 8.25 9015F2-f 8015F2-f 8061(15 Seep
080-2-R 082-2-R 8.25 8015F3 8015F3 806KT6 River
080-2-R 082-2-R 8.25 8015F3-f 8015F3-f 806KT7 River

080-2-S 082-2-S 8.25 8015F2 8015F2S 8061(18 Sediment

090-1 090-1 8.96 8015C8 8015C8 8061(19 Seep

090-1 090-1 8.96 8015C8-f 601508-f 306KV0 Seep

090-1-R 090-1-R 8.96 3015C9 B015C9 306KV1 River

090-1-S 090-1-S 8.96 3015C8 80150S 806KV2 Sediment

091-2 092-2 9.21 901500 801500 806KV3 Seep

091-2 092-2 9.21 8015D0-f 8015D0-f 806KV4 Seep

091-2-R 092-2-R 9.21 801501 801501 806KV5 River

091-2-R 092-2-R 9.21 801501-f 3015D1-f B06KV6 River

091-2-S 092-2-S 9.21 801500 301500S 306KV7 Sediment

092-1 092-3 9.24 3015F0 8015F0 B06KV8 Seep
092-1 092-3 9.24 8015F0-f 8015F0-f 806KV9 Seep

092-1-R 092-3-R 9.24 8015F1 8015F1 306K110 River

092-1-R 092-3-R 9.24 8015F1-f 8015F1-f 8061(41 River

092-1-S 092-3-S 9.24 3015F0 3015F05 8061(42 Sediment
092-2 093-1 9.27 8015D8 B01508 806KW3 Seep

092-2 093-1 9.27 301508-f 8015DB-f 3061(144 Seep

092-2-R 093-1-R 9.27 B015D9 8015D9 3061(145 River

092-2-R 093-1-R 9.27 801509-f 801509-f 806KW6 River

092-2-S 093-1-5 9.27 B015D8 301505 B06KW7 Sediment

094-1 094-1 9.41 B015D4 801504 806K118 Seep

094-1 094-1 9.41 8015D4-f 8015D4-f 306KY9 Seep

Comnents
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SHORELINE SAMPLING LOCATIONS AND SAMPLE NUMBERS

C7%

f°w

S'^?

''Og

•LS

^

04

a^

Location Location Revised Original Interim Revised Sa^ple

ID (Orig)

----------

10 (Rev)

----------

HRM

-------

Sample No.

----------

Sample No. Sample No. Type Comoents

094-1-R 094-1-R 9.41 8015D5
----------
801505

----------
80610(0

--------- -------
River

094-1-R 094-1-R 9.41 801505-f 801505-f 80610X1 River
094-1-S 094-1-S 9.41 B015D4 8015045 806KX2 Sediment
110-1 110-1 10.96 B01585 B01585 B06KX3 Seep
110-1 110-1 10.96 801585-f 801585-f B06KX4 Seep
110-1-S 110-1-S 10.96 801585 801585S 80610R5 Sediment
110-2 110-2 11.03 801593 801593 B06KX6 Seep
110-2 110-2 11.03 801593-f 801593-f 80610(7 Seep
110-2-R 110-2-R 11.03 B01594 B01594 80610x8 River
110-2-R 110-2-R 11.03 801594-f 801594-f 80610(9 River
110-2-S 110-2-S 11.03 B01593 B01593S 806KY0 Sediment
143-1 144-1 14.38 801581 801581 806KY1 Seep
143-1 144-1 14.38 801581-f 801581-f 806KY2 Seep
143-1-R 144-1-R 14.38 B01582 801582 806L43 River
143-1-R 144-1-R 14.38 801582-f 801582-f 806144 River
143-1-8 144-1-S 14.38 B01581 801581S 806L45 Sediment
144-1 145-1 14.48 801587 801587 806L46 Seep
144-1 145-1 14.48 801587-f 801587-f B06L47 Seep
144-1-R 145-1-R 14.48 801588 B01588 806L48 River
144-1-R 145-1-R 14.48 801588-f B01588-f 806L49 River
144-1-S 145-1-S 14.48 801587 801587S 806150 Sediment
146-1 145-2 14.54 B01591 801591 806L51 Seep
146-1 145-2 14.54 801591-f 801591-f 806152 Seep
146-1-R 145-2-R 14.54 B01592 B01592 806L53 River
146-1-R 145-2-R 14.54 B01592-f 801592-f 806L54 River

146-1-S 145-2-S 14.54 801591 8015915 806155 Sediment
149-1 150-1 15.02 801595 B01595 806L56 Seep
149-1 150-1 15.02 B01595-f 801595-f 806L57 Seep
149-1-R 150-1-R 15.02 B01596 801596 806L58 River
149-1-R 150-1-R 15.02 801596-f 801596-f B06L59 River
149-1-5 150-1-S 15.02 801595 8015959 806L60 Sediment
154-1 153-1 15.34 8015D6 801506 806L61 Seep
154-1 153-1 15.34 801506-f B015D6-f 806L62 Seep
154-1-R 153-1-R 15.34 801507 B015D7 806L63 River
154-1-R 153-1-R 15.34 B015D7-f B015D7-f 806L64 River
154-1-S 153-1-S 15.34 8015D6 80151)65 806L65 Sediment
187-1 187-1 18.71 B01599 801599 B06L66 Seep
187-1 187-1 18.71 801599-f 801599-f 806L67 Seep
187-1-R 187-1-R 18.71 801580 801580 806L68 River
187-1-R 187-1-R 18.71 801580-f 801580-f 806L69 River
187-1-5 187-1-S 18.71 801599 801599S 806L70 Sediment
190-4 190-4 19.02 B01597 801597 806L71 Seep
190-4 190-4 19.02 B01597-f 801597-f 806L72 Seep
190-4-R 190-4-R 19.02 B01598 801598 806173 River
190-4-R 190-4-R 19.02 801598-f 801598-f 806L74 River
190-4-S 190-4-S 19.02 B01597 801597S 806L75 Sediment
208-1 207-1 20.74 8015C0 8015C0 806L76 Seep
208-1 207-1 20.74 8015C0-f 8015C0-f 806L77 Seep
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SHORELINE SAMPLING LOCATIONS AND SAMPLE NUMBERS

G.?

Aa1

CV

C%!

0^

Location Location Revised Original Interim Revised Sample

ID (Orig) ID (Rev) HRM Sample No.
.....

Sample No.
..........

Sanple No.
..........

Type
...................

208-1-R

..........

207-1-R

.......

20.74

.... .

8015C1 8015C1 806L78 River

208-1-R 207-1-R 20.74 8015C1-f 80150-f 806L79 River

208-1-S 207-1-S 20.74 0015C0 3015C05 306L80 Sediment

216-1 211-1 21.06 001585 B015B5 806181 Seep

216-1 211-1 21.06 8015B5-f 801595-f B06L82 Seep

216-1 211-1 21.06 801587 801587 806L83 Seep

216-1 211-1 21.06 801587-f 801587-f 806L84 Seep

216-1-R 211-1-R 21.06 301596 801596 806L85 River

216-1-R 211-1-R 21.06 801586-f 801586-f B06L86 River

216-1-R 211-1-R 21.06 8015139 301589 806187 River

216-1-R 211-1-R 21.06 B015B9-f 801589-f 806188 River

216-1-S 211-1-S 21.06 801565 B01585S 806L89 Sediment

216-1-S 211-1-S 21.06 801587 801587S 806L90 Sediment

218-1 213-1 21.28 B01583 B01583 3061,91 Seep

218-1 213-1 21.28 801583-f 601583-f 806L92 Seep

218-1-R 213-1-R 21.28 B01584 301564 B06L93 River

218-1-R 213-1-R 21.28 8015134-f 801584-f B06L94 River

218-1-S 213-1-S 21.28 801583 8015838 806L95 Sediment

221-1 216-1 21.61 801581 801581 806L96 Seep

221-1 216-1 21.61 801581-f 801581-f 806L97 Seep

221-1-R 216-1-R 21.61 801582 801582 806L98 River

221-1-R 216-1-R 21.61 801582-f 801582-f 306L99 River

221-1-S 216-1-S 21.61 B01581 B015B1S 806180 Sediment

246-1 241-1 24.06 8015C4 8015C4 806181 Seep

246-1 241-1 24.06 8015C4-f 8015C4-f 806L82 Seep

246-1 241-1 24.06 8015C6 B015C6 806LJ3 Seep

246-1 241-1 24.06 0015C6-f B015C6-f 306LJ4 Seep

246-1-R 241-1-R 24.06 8015C5 8015C5 806LJ5 River

246-1-R 241-1-R 24.06 8015C5-f 8015C5-f 806LJ6 River

246-1-R 241-1-R 24.06 B015C7 8015C7 806LJ7 River

246-1-R 241-1-R 24.06 3015C7-f B015C7-f 3061J8 River

246-1-S 241-1-S 24.06 B015C4 8015C45 B06LJ9 Sediment

246-1-S 241-1-S 24.06 8015C6 0015C65 806LK0 Sediment

252-1 247-1 24.71 8015C2 8015C2 B06LK1 Seep

252-1 247-1 24.71 801502-f 801502-f 8061K2 Seep

252-1-R 247-1-R 24.71 801503 80150 8061K3 River

252-1-R 247-1-R 24.71 8015C3-f 8015C3-f 80611(4 River

252-1-S 247-1-S 24.71 801502 8015C2S 806LK5 Sediment

Comments

DupLicate of B015B5/806L81

Duplicate of B015135-f/B06L82

Duplioate of B015136/B061.85

Duplicate of 801586-f/8061.86

Duplicate of B015855/806L89

Duplicate of 8015C4/806L81

Duplicate of 8015C4-f/806LB2

Duplicate of 8015C5/806LJ5

Duplicate of 8015C5-f/806LJ6

Duplicate of B015C4S/806LJ9
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APPENDIX G

VALIDATION OF 100 AREA SPRINGS RADIOCHEMICAL DATA
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The 100 Area Springs Radiochemical Validation was performed to the
requirements outlined in the draft procedure titled "Data Validation Procedure
for Radiological Analysis, Rev. 0, June 18, 1991." The 100 Area Springs
project is the first case where the Westinghouse Hanford OSM validated
radiological data to the guidelines described in the above referenced
procedure. The validation using this procedure is also a user test, with
recommendations for improvements that should be applied in future radiological
data validation.

The 100 Area Springs Project consisted of a total of 82 samples
contained within nine radiochemical sample delivery groups (SDGs). The
samples represent both water and soil matrices. All samples were analyzed at
the Thermo Analytical Norcal Laboratory (TMA Norcal). Radiological parameters
of interest for the project were: total alpha, total beta, total uranium (on
water samples only), gross gamma scan, tritium (on water samples only),
strontium-90 and technetium-99.

The radiological validation process, in part, is a detailed and in-depth
technical review of the laboratory counting systems, standards and quality
control used in analyzing the samples. Review of chain-of-custody

el^ requirements, completeness of data reported and contract required detection
limits are also part of the validation process. The initial technical review
of the laboratory counting systems is applicable to all 100 Area Springs
delivery groups analyzed. The analysis batch quality control (QC) and

° instrument performance are reviewed for each delivery group reported. The
attached appendices taken from the radiological validation procedure document
the review of the counting systems used and will not change other than QC and
holding times pertaining to the individual data packages.

DELIVERY GROUP AND SAMPLE QUALIFIER REPORT

"m The laboratory analyzed the nine delivery groups in four processing
groups. A processing group is defined as a set of samples that are prepared
and analyzed together within the laboratory. The QC required for each

C4 delivery group could be spread over two or three delivery groups due to
delivery groups being batched together in the processing groups. Each data

Q` package contains the individual QC evaluation used to qualify the data, with
the same information being placed within the other data packages that were
processed together. The purpose of the redundant information being placed
within each data package processed in the same group, is to provide the end
data user a complete explanation of the data qualification as it applies to
the individual data package. The four processing groups with the associated
sample delivery groups and samples are listed below. The original OSM sample
numbers are followed by the revised OSM sample numbers. The associated sample
matrix is listed in brackets for information only, e.g., spring water [SW],
sediment [S], and river water [RW].

Processing Group Number 1:

SDG N1-10-035-9581
Original Sample Number Revised Sample Numbers and Sample Matrix

B01583 B06KS1 [SW], B06KS3 [S]
B01585 B06KX3 [SW], B06KX5 [S]
B015B9 B06L87 [R]
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SDG N1-10-200-9563
Original Sample Number Revised Sample Numbers and Sample Matrix

B015F4 None - Quality Control Sample Bottle Blank

SDG N1-10-035-9561
Original Sample Number Revised Sample Numbers and Sample Matrix

B015C0 B06L76 [SW], B06L80 [S]
B015C1 B06L78 [R]

Processing Group Number 2:
SDG N1- 10-126-9556

Original Sample Number Revised Sample Numbers and Sample Matrix
8015D0 B06KV3 [SW], B06KV7 [S]
B015D1 B06KV5 [R]
B015C8 B06KT9 [SW], B06KV2 [S]
B015C9 B06KV1 [R]
B015D2 B06KS9 [SW], B06KT3 [S]
B015D3 B06KT1 [R]
B015D4 B06KW8 [SW], 806KX2 [S]

a? B015D5 B06KX0 [R]
B015D8 B06KW3 [SW], B06KW7 [S]
B015D9 B06KW5 [R]

w B015F0 B06KV8 [SW], B06KW2 [S]
B015F1 BO6KWO

gP B015F2 B06KT4 [SW], B06KT8 [S]
B015F3 B06KT6 [R]
B015D6 B06L61 [SW], B06L65 [S]
B015D7 B06L63 [R]

gV Processing group Number 3:

-- SDG N1-09-157-9543
Original Sample Number Revised Sample Numbers and Sample Matrix

04 B01581 B06KY1 [SW], B06L45 [S]
B01582 B06L43 [R]
B01587 B06L46 [SW], B06L50 [S]
B01588 B06L48 [R]

SDG N1-10-012-9544
Original Sample Number Revised Sample Numbers and Sample Matrix

B01589 B06KS4 [SW], B06KS8 [S]
B01590 B06KS6 [R]
B01591 B06L51 [SW], 806L55 [S]
B01592 B06L53 [R]

SDG N1-09-129-9536
Original Sample Number Revised Sample Numbers and Sample Matrix

B01578 B06KR8 [SW], B06KS0 [S]
B01579 B06KR3 [SW], B06KR7 [S]
B01580 B06KR5 [R]
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Processing Group Number 4:

SDG N1-10-037-9553
Original Sample Number Revised Sample Numbers and Sample Matrix

B015C2 B06LK1 [SW], B06LK5 [S]
B015C3 B06LK3 [R]
B015C4 B06LB1 [SW], B06LJ9 [S]
B015C5 B06LJ5 [R]
B015C6 B06LJ3 [SW], B06LK0 [S]
B015C7 B06LJ7 [R]

SDG Nl-10-036-9552
Original Sample Number Revised Sample Numbers and Sample Matrix

B01593 BO6KX6 [SW], B06KY0 [S]
B01594 B06KX8 [R]
B01595 B06L56 [SW], B06L60 [S]
B01596 B06L58 [R]
B01597 B06L71 [SW], B06L75 [S]
B01598 B06L73 [R]
B01599 B06L66 [SW], B06L70 [S]

r1% B015B0 B06L68 [R]
B015B1 B06L96 [SW], B06LB0 [S]
8015B2 B06L98 [R]
B015B3 B06L91 [SW], B06L95 [S]
8015B4 B06L93 [R]
B015B5 B06L81 [SW], B06L89 [S]
B015B6 606L85 [R]
B015B7 B06L83 [SW], B06L90 [S]

Data limitations and explanation of qualifiers for SDG N1-10-035-9561
(Processing Group Number 1)

Gross A1 h^a : All soil matrix samples are qualified as unusable (R) due to
the laboratory control sample recovery (48%) below the

Sy 100 ± 20% acceptable limits.

cs• Gross Beta : Water matrix samples are qualified as estimated non-
detectable (UJ) for all values less that the lower limit of
detection (LLD), and estimated (J) for all values greater
than the LLD. This qualification is due to duplicate
relative percent difference exceeding the acceptable limits.

Tritium : The sample identified as the bottle blank was used as the
duplicate sample. The matrix of the bottle blank and the
actual samples is comparable. The instrument efficiency and
quench for the samples and the blank are undistinguishable
and qualification of the data is not needed.

Strontium-90 : The sample identified as the bottle blank was used as the
duplicate sample. Due to the similar matrix of the blank
and samples, no qualification is needed.

Technetium-99 Water matrix samples a positive value was obtained for the
blank. All water matrix samples are qualified as estimated
(J) that are greater than the LLD. All water matrix sample
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results that are above background, but below the LLD are
qualified as non-detectable (U).

NOTE: The water matrix duplicate sample (B015F4) was calculated as
a soil sample with a weight of 2 grams. The raw data sheet has
been copied and the correct calculation written on the copy. The
revised copy has been added to the data package.

Total Uranium : No qualification needed.

Gamma Spec. : Water matrix samples, the duplicate Relative Percent
Difference (RPD) for Thorium 228 exceeded limits. All water
matrix samples less than the LLD are qualified as (UJ) and
all water matrix samples greater than the LLD are qualified
as (J).

Data limitations and explanation of qualifiers for SDG N1-09-143-9581
(Processing Group Number 1)

Ct) Gross Alpha : All soil matrix samples are qualified as unusable (R) due to

co
the laboratory control sample recovery (48%) below the
100 ± 20% acceptability.

Gross Beta : Water matrix samples are qualified as estimated non-
- detectable (UJ) for all values less than the lower limit of

detection (LLD), and estimated (J) for all values greater
than the LLD. This qualification is due to duplicate

IrT
relative percent difference exceeding the acceptable limits.

10 Tritium : The sample identified as the bottle blank was used as the
duplicate sample. The matrix of the bottle blank and the

C14 actual samples is comparable. The instrument efficiency and
quench for the samples and the blank are undistinguishable

- and qualification of the data is not needed.

04 Strontium-90 : The sample identified as the bottle blank was used as the
6. duplicate sample. Due to the similar matrix of the blank

and samples, no qualification is needed.

Technetium-99 : Water matrix samples a positive value was obtained for the
blank. All water matrix samples are qualified as estimated
(J) that are greater than the LLD. All water matrix sample
results that are above background but below the LLD are
qualified as non-detectable (U).

NOTE: The water matrix duplicate Sample B015F4 and Sample B06KX5
(B01585) were calculated as soil samples with a weight of 2 grams.
The raw data sheets have been copied and the correct calculation
written on the copies. The revised copies have been added to the
data packages.

Total Uranium : No qualification needed.

Gamma Spec. : Water matrix samples, the duplicate Relative Percent
Difference (RPD) for z28Th exceeded limits. All water
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matrix samples less than the LLD are qualified as (UJ) and
all water matrix samples greater than the LLD are qualified
as (J).

Data limitations and explanation of qualifiers for SDG N1-10-200-9563
(Processing Group Number 1)

Gross Aloha : All soil matrix samples are qualified as unusable ( R) due to
the laboratory control sample recovery (48%) below the
100 ± 20% acceptability.

Gross Beta : Water matrix samples are qualified as estimated non-
detectable ( UJ) for all values less than the lower limit of
detection ( LLD), and estimated (J) for all values greater
than the LLD. This qualification is due to duplicate
relative percent difference exceeding the acceptable limits.

Tritium The sample identified as the bottle blank was used as the
duplicate sample. The matrix of the bottle blank and the
actual samples is comparable. The instrument efficiency and
quench for the samples and the blank are undistinguishable
and qualification of the data is not needed.

^
Strontium-90 : The sample identified as the bottle blank was used as the

duplicate sample. Due to the similar matrix of the blank
and samples, no qualification is needed.

Technetium-99 : Water matrix samples a positive value was obtained for the
blank. All water matrix samples are qualified as estimated
(J) that are greater than the LLD. All water matrix sample
results that are above background but below the LLD are^
qualified as non-detectable (U).

^ NOTE: The water matrix duplicate Sample B015F4 was calculated as a
^•! soil sample with a weight of 2 grams. The raw data sheet has been

copied and the correct calculation written on the copy. The
0" revis ed copy has been added to the data package.

Total Uranium No qualification needed.

Gamma Spec. Water matrix samples, the duplicate Relative Percent
Difference ( RPD) for 228Th exceeded limits. All water
matrix samples less than the LLD are qualified as (UJ) and
all water matrix samples greater than the LLD are qualified
as (J).

Data limitations and explanation of qualifiers for SDG N1-10-126-9556
(Processing Group Number 2)

Gross Alpha No qualification needed.

Gross Beta : Water matrix samples, the duplicate RPD exceeded limits.
All water matrix samples less than the LLD are qualified as
(UJ) and all water matrix samples greater than the LLD are
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qualified as (J). The total beta result for Sample B06KV3
(BO15DO) is qualified as unusable (R). See note below.

NOTE: Sample B06KV3 (BO15DO), run in this processing group as the
duplicate sample for the water matrix, was noted by the laboratory as
having anomalous results. The laboratory initiated a rerun analysis
of this sample and confirmed the initial value obtained. OSM
directed the laboratory to reanalyze the sample one more time. The
results of this rerun confirmed the duplicate result originally
obtained. Four total beta results have now been obtained for this
sample, two total beta results that are close to background and two
other results that are 838 pCi/L and 886 pCi/L. OSM directed the
laboratory to investigate this anomaly and report back with an
explanation. The laboratory investigated sources of possible
laboratory error which included sample aliquoting and cross
contamination. The laboratory was able to eliminate these possible
sources by extra attention that was placed on the sample rerun
analysis. Other sources of error that could be investigated are
related to sample collection and labeling. The two higher values are

R more consistent with the concentration of 90Sr. Acceptance of this
data can be made if the highest sample result is used for final
reporting. Technical judgement qualifies this data point as unusable

s, but this should not preclude this data point from being used as
information only.

Tritium No qualification needed

NOTE: The laboratory noted that all the sample aliquots for Tritium
"r had been acidified in the field and that neutralization at the
,,,y laboratory was required before the samples could be run. The affect

this could have on the data is to induce a low bias in the results.
Cv Use of this data should take this potential bias into account.

^ Strontium-90 : Laboratory blank result exceeded the LLD. All sample
results (both matrices) less than the LLD are qualified as
(U). All sample results (both matrices) less the 4.6 pCi/1

0% or 4.6 pCi/g but greater than the LLD are qualified as (J).
All sample results (both matrices) that are greater than 4.6
pCi/1 or 4.6 pCi/g, are greater than 10 times the level of
contamination found in.the blank and do not require
qualification.

Technetium-99 : No qualification needed.

NOTE: Sample B06KW3 (BO15D8) (spring water) did not have the summary
calculation sheet within the data package. All the information
needed to derive the result was provided from other sources within
the data package. No qualification of this sample needed.

NOTE: The laboratory blank run with this processing group has a
gravimetric yield less than 30%. This blank result would be rejected
if it were a sample. Two other blanks were also run with this
processing batch with acceptable recoveries.

Total Uranium : No qualification needed.
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Gamma Spec. The 228Th result for Sample B06KV8 (B015F0) is qualified as
(J) due to the 5 channel resolution for the full width half
max (FWHM) being exceeded. All other sample results
acceptable.

Data limitations and explanation of qualifiers for SDG N1-09-57-9543
(Processing Group Number 3)

Total Alpha No qualification needed.

Total Beta No qualification needed.

Tritium : Duplicate sample was not run with this processing group.
Qualify all sample results (J).

Strontium-90 : The duplicate results for this processing group exceed the
acceptable limits of ± 2xLLD. Qualify all sample results
that are less than the LLD (UJ) and all sample results
greater than the LLD (J).

Technetium-99 : Blank was not run with this processing group. Qualify all
sample.results that are greater than the LLD (J). Sample

fYs B06LB0 (B015B1) (sediment) had the 99Tc recovery of 25.8%,
this sample is qualified as unusable (R).

M
Total Uranium : No qualification needed.

Gamma Spec. The laboratory control sample for 137CS jas below the lower
13limit for acceptability. Qualify a 11 Cs results that are

^
3

less than the LLD as (UJ) and all 17Cs results that are
greater than the LLD as (J). The 23ZTh result for Sample
B06L96 (B015B1) is qualified as (J) due to the 5 channel

^ resolution for the FWHM being exceeded. All other sample
results acceptable.

t^%d
Data limitations and explanation of qualifiers for SDG N1-09-129-9536

rn (Processing Group Number 3)

Total Alpha : No qualification needed.

Total Beta : No qualification needed.

Tritium : Duplicate sample was not run with this processing group.
Qualify all sample results (J).

Strontium-90 The duplicate results for this processing group exceed the
acceptable limits of ± 2xLLD. Qualify all sample results
that are less than the LLD (UJ) and all sample results
greater than the LLD (J).

Technetium-99 : No requested for this sample delivery group.

Total Uranium : No qualification needed.
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NOTE: The original data package reported anomalous total uranium
result for Sample B06KR8 (B01578). The result reported was
significantly higher than expected. OSM requested the sample(s)
affected be rerun and the cause of the evident problem be
investigated. The rerun results matched the results reported for
total alpha. The laboratory determined the cause of the problem to
be glassware contamination from a previous batch of samples prepared
using the same glassware. All samples within this processing batch
were rerun and reported as replacements to the existing data
packages. The rerun results are accepted as the data to be used.

Gamma Spec. : The laboratory control sample for 137Cs as below the lower
13limit for acceptability. Qualify a ^l Cs results that are^

less than the LLD as (UJ) and all Cs results that are
greater than the LLD as (J).

The duplicate run for the soil matrix exceeds the limits for
RPD. Qualify all soil matrix sample results less than the
LLD as (UJ) and all soil matrix results greater than the LLD

Cr. (J)•

r.40 Data limitations and explanation of qualifiers for SDG N1-10-012-9544
(Processing Group Number 3)

Total Alpha : No qualification needed.

Total Beta No qualification needed.

Tritium : Duplicate sample was not run with this processing group.
Qualify all sample results (J).

Strontium-90 : The duplicate results for this processing group exceed the
acceptable limits of ± 2xLLD. Qualify all sample results

_ that are less than the LLD (UJ) and all sample results
greater than the LLD (J).

C%i
Technetium-99 : Blank was not run with this processing group. Qualify all

CY% sample results that are greater than the LLD (J). Sample
BO6LB0 (B015B1) (sediment) had the ^Tc recovery of 25.8%,
this sample is qualified as unusable (R).

Total Uranium : No qualification needed.

NOTE: The original data package reported anomalous total uranium
result for Sample B06L51 (B01591). The result reported was
significantly higher than expected. 0SM requested the sample(s)
affected be rerun and the cause of the evident problem investigated.
The rerun results matched the results reported for total alpha. The
laboratory determined the cause of the problem to be glassware
contamination from a previous batch of samples prepared using the
same glassware. All samples within this processing batch were rerun
and reported as replacements to the existing data packages. The
rerun results are accepted as the data to be used.
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Gamma Spec. The laboratory control sample for 137CS was below the lower
limit for acceptability. Qualify ^1,1 137Cs results that are
less than the LLD as (UJ) and all Cs results that are
greater than the LLD as (J).

The Z28Th duplicate run for the soil matrix exceeds the
limits for RPD. Qualify all soil matrix sample results less
than the LLD as (UJ) and all soil matrix results greater
than the LLD (J).

Data limitations and explanation of qualifiers for SDG N1-10-036-9552
(Processing Group Number 4)

Total Alpha : No qualification needed.

Total Beta : No qualification needed.

Tritium : No qualification needed.
4-'

Strontium-90 No qualification needed.

Technetium-99 : No qualification needed.

^ Total Uranium No qualification needed.

Gamma Spec. No qualification needed.

Data limitations and explanation of qualifiers for SDG N1-10-037-9553
(Processing Group Number 4)

Total Alpha No qualification needed.

-- Total Beta No qualification needed.

Tritium No qualification needed.

a' Strontium-90 : No qualification needed.

Technetium-99 No qualification needed.

Total Uranium No qualification needed.

Gamma Spec. : No qualification needed.
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